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1. The Potential

2. What is Deep Innovation?

The discovery of Penicillin
was one of the most important
events in the last 100 years of
venture (see the CIV History of
Venture database, featured in
the previous issue of Venture
Findings – #HOV8010) and its story
truly brings the context of Deep
Innovation to life.

Deep Innovation often begins
with a group of scientists who
are unaware of any commercial
application, or even a problem for
which their advancement may be
a solution – Penicillin is one such
case. Deep Innovation also takes
time; the development of a lifechanging drug, a Nanotechnology,
or a new material compound
can take 5–20 years, sometimes
longer. What’s more, the process
is not linear. The government
agency or academics responsible
for the initial advance are often
not handing on the baton to the
next innovators in the process.
They may, instead, simply publish
a paper about the novelty of
their results that another group
or individuals – in academia or
business – decide to pick up on.

When Alexander Fleming
discovered that a mold called
Penicillium inhibited the growth
of bacteria, he explained, “When
I woke up just after dawn on
September 28, 1928, I certainly
didn’t plan to revolutionize all
medicine by discovering the
world’s first antibiotic, or bacteria
killer.” He simply observed that
the Penicillium mold stopped
bacteria from growing – then
other laboratories and thinkers
transferred his observation into
Penicillin as an antibiotic that
would have a tremendous impact
on humanity.
In fact, it was not the St Mary’s
Hospital laboratory in London
that initiated this chain of events;
it was a laboratory at Oxford
University, led by Howard Florey
in 1940, which created the first
extracts. Florey worked with
other doctors in Britain, notably
Norman Heatley, and then in
the United States, to advance
Penicillin as an antibiotic.
They increased the stock of the
extract, ran laboratory tests – of
both mice and men – and then,
ultimately, worked with others
who found that another strain
of the mold was actually more
effective. Penicillin was only first
prescribed to a patient in 1942,
14 years and many twists and
turns later. As of today, about 200
million lives have been saved by
penicillin.
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As with Penicillin, Deep
Innovation is capable of
transforming humanity, and
in this case, improving our
treatment of diseases and
extending our longevity.
Still, the payout is often not
obvious to those who initiate
the process, as with Alexander
Fleming. The potential for Deep
Innovation to solve our biggest,
most fundamental, and most
technically complex problems
is why we dedicate this issue
to mapping its fundamental
challenges – and identifying
solutions.

Coller Institute of Venture
Research Strands
The Coller Institute of Venture (CIV) was
founded in 2013 as Tel Aviv University’s
specialist unit for advancing the global
venture ecosystem. This demonstrates the
University’s recognition of ‘venture’ as a
critical aspect of the modern economy, where
its essence is creating new companies that
develop ideas, innovations, and models,
and turn them into businesses. Particular
attention is devoted to commercializing
innovation from universities, government
research programs, and company R&D
efforts. For more information we refer you to
http://www.collerinstituteofventure.org/.

Aeronautics and Space Administration
(NASA), and the European Council for
Nuclear Research (CERN) are not in the realm
of Deep Innovation as they are ‘big science’.

CIV’s research is organized into strands, each
one addressing a particular aspect of the
venture ecosystem. Current research strands
include:

It is our purpose to characterize these Deep
Innovation ventures and understand what is
required to make them a success.

• Policy of Venture

Notable examples of Deep Innovation can be
found in the sectors of:
•
•
•
•
•
•

Water (see our workshop on this subject)
Nanotechnology (see lectures here)
Brain tech (and here)
Pharmaceutical development
Food
Medical

If you wish to download the articles, or
engage with our unique resources, please
join our community:

• History of Venture

www.collerinstituteofventure.org/join-ourcommunity

• Deep Innovation

• University Venture

Planned future research strands include:
• Financial Models
• Digital Venture
Each issue of Venture Findings is devoted
to one of these strands. This issue focuses
on Deep Innovation, which we define
as inventions that are enabled by basic
research or a scientific breakthrough (and
are therefore unlike those we see in the
ubiquitous internet/cyber ventures). They
usually entail more substantial resources
(US$5–100 million), and may take years
(5–20) to materialize. Efforts like the
Human Genome Project (HGP), the National
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3. Challenges

Deep Innovation presents similar challenges
to the academic and business communities,
as well as investors, across a myriad of
domains. Whether it concerns Water,
Nanotechnology, or Food, developing Deep
Innovations from scientific breakthrough
onto commercial ventures runs into the
following challenges – as investigated in the
nine articles in this Issue.
Cross-sector problems – Deep Innovations
often require input from scientists and
companies across sectors. Often, Deep
Innovations are not clearly contained
within industries. The “Deep Innovation
in Water Ventures” article also highlights
opportunities in related sectors, including
Energy.
Academic silos – within academia, silos
inhibit the potential for collaboration in
Deep Innovation. Disciplines, faculties, and
laboratories have a tendency to operate in
relative isolation, meaning that Chinese
walls, similar to those existent at the sectoral
level, exist within academic research. As
academia often constitutes the first stage of
Deep Innovation, the lack of cross-pollination

innovators are operating
without knowing what
problem their development
may actually be solving
may stop Deep Innovations from starting.
The Tel Aviv University Nanotech Center
similarly strives to facilitate collaboration
across laboratories and disciplines.
The Valley of Death – there is a gap
between academic research and industrial
implementation. This gap has two sides:
knowledge gap and funding gap. How do
academic breakthroughs meet with business
interest or acumen? How do we increase
the funding available at this critical stage?
Several articles in this issue grapple with
this precise challenge – of carrying Deep
Innovation on through the Valley of Death.
Need for institutional solutions –
serendipitous encounters between, and
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within, academia and industry need to be
fostered and even institutionalized. This is
examined in the Nanotechnology sector, in
Brain, and in Water. “Deep Innovation in the
Medical domain”, for example, examines
how a consortia of doctors and centers in the
Boston area (CIMIT) of the U.S. has worked
to overcome the lack of a feedback loop
between medical developments and patient
care.
Finding problems for solutions – Deeper
analysis of the needed solutions may
encourage deep innovation in specific
components. Deeper analysis of the needed
solutions may encourage deep innovation in
specific components.
Long timeframes – there is typically a long
time frame involved. The “Deep Innovation
and Pharmaceutical ventures” article
specifies that the process of drug discovery
and development takes, on average, 8–12
years. The high risk of the research and the
long time frame involved can dampen the
ability of researchers, or businesses, to raise
funding for their efforts.
High-risk – the risk inherent in Deep
Innovation is given, but that does not
mean that investment does not present a
potentially lucrative opportunity. Investing
in fully efficient markets means that the
price of the investment is effectively known
to all actors. Because of the large number of
unknowns in investing in big-scale, earlystage innovation, information asymmetries
abound. Few know of the opportunity,
and even fewer can fully understand and
appropriately price the risk. For those who
can – and do – the payout can be huge. The
high risk–reward profile associated with
Deep Innovation has proven attractive
for some of the leading names in venture
investing. As an example, according to a CB
Insights post on 11 September 2015, Ag Tech
recently had its ‘best ever’ performance in
fundraising.
Traditionally conservative sectors –
Deep Innovation occurs in a variety of
traditional sectors. For example, farmers
are a conservative lot, not usually quick to
take up new innovations, as discussed in the
article on “Deep Innovation with Irrigation
Technologies”, but even this industry has
been shaken up – in a good way – by Deep
Innovation. As a result, venture capitalists

such as Andreesen Horowitz, and incubators
like Y Combinator, are investing in Ag Tech
start-ups. Money poured into the growing
Ag Tech in 2014 following the acquisition of
The Climate Corporation for US$1.1 billion
in 2013. These blue chip investors hope to
have an unfair advantage in spotting a game
changer in its infancy.
Fundraising – investors in Deep Innovation
need to exhibit patience and a risk tolerance,
but the payout may be huge, both financially
and in terms of societal impact. Some
investors have demonstrated that they have
the mindset needed for investing in Deep
Innovation. Bill Maris at Google Ventures told
Bloomberg, in an interview in March 2015,

even the agricultural
industry has been shaken
up – in a good way – by Deep
Innovation
that he aimed to invest in companies that
“will slow aging, reserve disease, and extend
life”. As his interview suggests, investors
know that Deep Innovation presents
opportunities for achieving a double bottom
line – a financial and a social return.
4. Deep Innovation Needs Commitment

At the end of the day, the solution for
enabling Deep Innovation is ‘commitment’.
More commitment. Commitment from the
players. Time commitment. Commitment to
high-risk tolerance. Commitment to invest
capital. In having more commitment, there
is a system that fosters a committed attitude
by investors, researchers, and entrepreneurs.
In so doing, we can overcome the hurdles
presented by Deep Innovation.
This is worth doing as Deep Innovation
entails big gambles that can provide valuable
results for humanity, and professional
and financial returns for the scientists,
entrepreneurs, and investors responsible
for developing the right solution for the
right problem. The articles in this Venture
Findings issue offer insights into the
challenges and opportunities in Deep
Innovation across a spectrum of domains,

from Pharma to Nanotechnology, Food to
Water, etc.
The last article “The Challenges of Deep
Innovation: From American Academia to
the Marketplace” offers an exploration of
Deep Innovation from a policy perspective,
particularly how the U.S. government
deploys programs aimed at enabling Deep
Innovation from small- and medium-sized
enterprises. The focus on the American
policy context for facilitating Deep
Innovation in this otherwise globally
inclined issue is purposeful. The U.S. venture
system for Deep Innovation is unique, and
continues to produce world-leading activity
in terms of quality and quantity. Many have
now remarked that Silicon Valley cannot be
copied – and we agree. The clusters of activity
in Silicon Valley and Boston’s Route 128
foster remarkable externalities that enable
further magic. The co-location of academics,
entrepreneurs, service professionals (e.g.
lawyers, accountants, etc.), and investors
advances the power of the externalities.
The other solutions for the challenges of Deep
Innovation, as discussed throughout this
issue, also offer insights into:
• Consortia of medical research centers, as in
CIMIT in Boston
• Multi-disciplinary thinking and collaboration,
as in Tel Aviv University’s Nanotech Center
• Efforts to address the chasm between
academia and industry in Pharmaceutical
Development
• Attracting money to the domain; it is clear
that money flows into sectors that present
big upside potential. Ag Tech has seen an
onslaught of cash following its indoctrination
of a unicorn: an Ag Tech company – The
Climate Corporation – acquired, as mentioned
above, for more than US$1 billion.
A combination of the above solutions,
along with the anointing of a few more
Deep Innovation unicorns, and we
have the ingredients for expediting the
number and rate of world-changing Deep
Innovation activity. These efforts, along with
commitment from policymakers, investors,
researchers, and entrepreneurs, means
more opportunities to turn the observation
of Penicillium’s ability to stop the growth
of bacteria into the world’s first antibiotic.
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The visible hand should
lead the invisible land
An opinion on the role of Government

Our claim is two-part: first, that we
learn from the past – governments, be it
cities, nations, and regions, should lead
in nurturing venture (from basic science,
to seeding, to early and late investment).
Specifically, government should both take
risks as well as benefit from such risk-taking.
Second – as we look towards the future –
we call for visionary public leadership, by
identifying some of the essential attitudes of
such leadership.
This approach is anti-laissez-faire. We
argue that the role of governments is to
take chances; to bet on certain areas, and to
push, entice, and encourage venture based
on the unique factors of the locale. Leading
government does not mean spreading the
bets, or fixing the markets – it means betting
on winners in a big way. It also means
making sure the benefits of such bets come
back to the public for further investment
(and for offsetting the failures of some of
these big bets).
This approach does not mean governments
should do it all. Instead, government should
lead and let the private market do its thing
– namely, open the door for the free market.
The motivation, speed, and flexibility of the
private sector – even competing players in
the same area – work best once the direction
is set by government. Hence: the government
should lead the invisible hand.
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Architecting such venture-leading
ecosystems by government is complex
and, frankly, still an open question. Is it
possible to build government systems and
structures that can take the longer view?
That, on the one hand, will not be subject
to political pressures of four- or five-year
terms; and, on the other hand, will overcome
the fossilization of regimes that drag on
and degrade the economies into serving the
leaders themselves and not the public they
are supposed to serve.
The answer lies in the right combination
of visionary public leadership with strong
structures and institutions that enable such
leadership, protect against it, and facilitate
longer-term value creation. This is the art of
public visionary governments.

Issue #2 of ‘Venture Findings’ was
devoted to the theme of the History of
Venture, and focused on the explosive
growth of innovation and the venture
ecosystem in the past century.
In addition to a number of insightful
articles, the issue showcases the Coller
institute’s HOV Database, which lists
160 ENTRIES.
THESE INCLUDE inventions,
discoveries, ventures, organizations,
and other events that played a key role
in venture from the start of WW1.
In the present issue you will find crossreferences to this database, which are
marked with the key icon and database
entry number:

#HOV8138
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Introduction

Nano is an area where Deep Innovation
encounters specific challenges when crossing
into commercial applications. To overcome
these adversities, Tel Aviv University (TAU)
Center for Nanoscience and Nanotechnology
(the Center) is actively developing and
supporting a model to enable an ecosystem
for academic researchers and industry R&D
engineers from diverse disciplines to solve
Nano problems together.
In a field where massive capital outlay is
needed before anything can be produced,
the Center provides a central infrastructure
where equipment, materials, and know-how
can be accessed by academic and commercial

The exponential growth
of Nano has been aided by
significant government
investment
practitioners. To help researchers with
innovative ideas to find commercial
applications, the Center engages experienced
Entrepreneurs In Residence (EIRs) to
help match solutions to problems. Multidisciplinary collaboration and thinking is
promoted as the Center advocates a ‘Nano
culture’ that brings together researchers
and students from diverse disciplines and
encourages them to share space and ideas.
The outcome is a vibrant hub of research
and cooperation that has resulted in
numerous successful academic achievements
and commercial ventures. To power this
platform, the Center employs eight fulltime professional engineers and three
administrative staff and has 90 affiliated
research groups, with over 250 graduate
students engaged in Nano research. Since
2007, research activity at the Center has
yielded more than 1,700 scientific papers and
32 licensed technologies.

recognized as a field. It involves the creation
of artificial nanometer-scale structures with
atomic precision, the characterization and
utilization of tiny structures for studying
new phenomena and for conceiving novel
devices and systems unattainable with
conventional technologies.
The intrinsic physical, chemical, and
biological characteristics of these structures
differ greatly from those of more traditional
components and materials, and enable
applications of great value in a wide range
of fields, such as Medicine, Electronics,
Automotive, and countless consumer
products. One current R&D focus is carbon
nanotubes, a novel material combining highstrength, low-weight, and high-electrical
conductivity, with many potential uses.
Nanotechnology has attained a significant
economic presence in recent years. The
global market for products incorporating
Nanotechnologies is estimated at US$2.4
trillion in 2015, and is expected to rise by
another 38% by 2018 . The exponential
growth of Nano has been aided by significant
government investment, with Japan, South
Korea, Germany, Taiwan, and the U.S. acting
as the dominant countries. U.S. Government
funding for Nano R&D in the last 10 years
has been US$16.48 billion. The output of
this commitment is 1,106 Nano-related U.S.
patents granted in 2014 alone.
By its very nature, research in Nanoscience
calls for interdisciplinary effort, involving
physical, chemical, biological, and medical
sciences, together with state-of-the-art
engineering expertise. As we shall see,
crossing disciplinary boundaries is a key
challenge in achieving successful Deep
Innovation in this domain.

1. The Nanotechnology Domain

Nanoscale Science and Technology is one
of the most exciting areas of contemporary
research and development. In fact, it is so
innovative that 20 years ago it was not even
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The TAU Nanotech
Center
Tel Aviv University Center for Nanoscience
and Nanotechnology was inaugurated in
2000, and was the first Israeli center for
Nanoscience and Nanotechnology. The
Center is a joint collaboration between four
TAU Faculties: Exact Sciences, Engineering,
Life Sciences, and Medicine. Since its
establishment, it has grown into a dynamic
research hub that serves some 50 University
research groups and 40 companies. It
collaborates with research centers abroad,
and hosts post-graduate students from Israel
and beyond.
The Center is overseen by the Israel National
Nanotechnology Initiative (INNI). INNI
was established in 2004 by Israel’s Forum
for National Infrastructures for Research
& Development (TELEM), and Israel’s
Ministry of Economy. Binding together six
centers at Israel’s major universities, INNI
provides 50% of the Center’s funding and
also facilitates industry involvement in
Nanotechnologies, ultimately stirring an
ecosystem of industrial partners supported
by the Center. This activity resulted in the
creation of dozens of Nanotech-specific
companies in Israel, such as Q-Lite (display
technology) and Nano-materials (lubricants);
and in the adoption of Nanotechnology in
the products of companies that focus on
various areas, as seen with the Volta carbon
nanotube (CNT) battery.
The Center employs eight full-time engineers,
joined by over 90 research groups from
different academic units across campus.
Together they form a vibrant community
with a common research theme.
The core activity of the Center is housed
in approximately 1,200 square meters of
state-of-the-art laboratory space, including
a 400 square meter micro and nano clean
room facility. Limited funding, combined
with the reluctance of VCs to invest in
early-stage Nano R&D, has forced the Center
to build this capability meticulously since
its establishment in 2000, applying funds
from the University, from INNI, and from
interested industry players. User fees,
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meanwhile, cover ongoing operational costs.
Since 2007, equipment purchases totaled
40 million NIS (US$10 million), making
the Center almost entirely self-sufficient in
terms of the scope of provided services. The
recent decision to construct a dedicated new
building will enable the Center’s growth and
leadership for years to come.

Empowering Industry
An important goal of the Center is to
empower the transformation of research
outcomes to commercial products. Here are
some recent examples of such outcomes:

Tracense Systems develops explosive
detectors powered by ground-breaking
Nanotechnology sensor chips. Its sensors
detect all known explosives, as well as
narcotics, chemical, and biological threats,
and do it with a sensitivity that is orders of
magnitude better than existing technologies
– or, for that matter, than a sniffer dog’s nose.
This technology was developed by a team at
the Center in collaboration with Tracense; as
often results from such collaborations. Prof.
Fernando Patolsky, a core member of the
Center, is the research team lead, and is the
company’s Chief Science Officer.

NanoAir is developing paper-thin, modular,
highly efficient, and low-noise cooling
solutions for a multitude of applications,
including smartphones, laptops, and
wearable electronics. It started as a
cooperation of TAU researchers with the
Center EIR that identified cooling electronic
devices as an attractive application to realize.
The question was how to create a rapid,
inexpensive prototype as the manufacturing
requirements were non-standard – and so
specific processes were tailored at the Center,
by the company’s engineers.

2. Challenges to Deep Innovation in Nanotech

3. Solution Directions at the Nanotech Center

Nanotechnology is one of the research
areas where crossing the chasm from basic
research to commercial application – the
Deep Innovation transition – is particularly
difficult; it is worth noting three challenges
that are specific to Nanotech:

The three major challenges described
above constitute a formidable obstacle to
achieving a successful Nano research unit; a
unit capable of combining original research
with eventual transition to commercially
viable innovations. This is even more so in a
country as small, and resource-constrained,
as Israel. The Center has successfully
identified a combined approach to this
challenge, enabling it to deliver impressive
results both academically and commercially.

1. Major investment in infrastructure /
By its very nature, Nanotechnology R&D
requires a wide range of manufacturing
and measurement equipment with unit
price tags in the six-digit range. Moreover,
such instrumentation must be placed in
a dedicated (and expensive) clean room
environment. Maintaining such a facility
and supplying it with consumables is also a
costly business. Thus, one needs a very large
initial investment and a significant operating
budget to produce even a prototype.
2. Awareness of industry needs / Some
scientific fields focus on well-defined
problems. For instance, a biomedical
researcher might know what disease they
need to find a cure for; a rocket scientist
knows what planet their space vehicle needs
to reach, and at what cost. By contrast, Nano
researchers often lack such clear goals. Their
research is truly basic, and it is hard to know
in advance what real world problems it may
later solve. Getting researchers to consider
the business development aspects of their
work is difficult in such an environment:
while the serendipitous problem-solving
may be delightful, it leaves many scientists
working on a solution, unaware of the
problems out there that might benefit from
this very solution. The industry may be
equally unaware of the potential scientific
matches.
3. A multidisciplinary mindset / Many
successful projects in Nanotechnology tend
to be markedly multidisciplinary. Indeed,
what makes this domain so interesting is the
applicability of structures at the frontier of
physics and chemistry to solving problems
in Biology, Electronics, Medicine, Computing,
and even traditional low-tech industries.
Yet, many scientists today (unlike those
of earlier eras) tend to specialize in evernarrower fields; and as long as they do that,
they are liable to miss out on important
opportunities.

Solving the infrastructure barrier
The high cost of equipment, clean rooms,
and support is the first barrier one has
to solve, and the Center solved this by
building, gradually and methodically, a
comprehensive system to provide facilities
to the Nano research community in Israel.

The Centre combines original
research with transition
to commercially viable
innovations
The goal of the Center is to be a central
infrastructural facility open to all users.
It provides any ‘customer’ – researcher,
student, or anyone else with an idea to try out
– with all the resources they need: machines,
tools, expertise, materials, processes, and
know-how. Users pay modest user fees, while
the University subsidizes personnel and
equipment renewal. The services offered can
range from the use of small-scale specific
equipment to comprehensive R&D project
services guided by the Center personnel.
The Center itself does have its own in-house
researchers, but a significant portion of the
work done within its walls serves the entire
country, placing Nano capability within the
reach of anyone. This setup lowers – indeed,
removes almost entirely – the barrier that
any researcher or R&D engineer from an
unrelated industry would have to testing
ideas, or building prototypes, using Nano
methods.

Venture Findings #3 (2016) — Deep Innovation Issue 15

Incorporating Business Development
support
Recognizing the difficulty of matching
research outcomes to industry needs, the
Center has adopted a model suggested by Dan
Vilenski, one of Israel’s most iconic high-tech
figures and a member of INNI’s Board of
Directors, to facilitate this process.

The basic problem is to identify unresolved
and commercially viable industry needs.
To bridge this gap, the Center cooperates
with experienced consultants whose job
it is to advise the researchers. Having
significant experience with innovation, such
‘Entrepreneurs in Residence’ are well placed
to advise and actively help researchers
identify industry needs, map their research

The basic problem is to identify
unresolved and commercially
viable industry needs
work, and establish which kinds of prototype
should be built to present investors and other
relevant stakeholders – in other words, they
help researchers uncover the problem that
fits the solution they have developed.
The consultants take a proactive role,
communicating with researchers to seek new
opportunities. When a promising project is
identified, they help the researcher push it
through to a prototype. Once a prototype has
been built, there are a few possible models
the inventor can pursue, notably connecting
to a large company, or launching a startup; in
either case, having the right prototype will
get these processes going on the right foot
(for example, obtaining funding from Israel’s
Chief Scientist office).
True success comes from creating the
connections; the real challenge is not to cross
a chasm, but to achieve a metamorphosis
from one thing (technology) to another
(implementation). This process should begin
as early as possible in the lifecycle of an
applied research program, and the system
described here ensures just that.
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Creating a ‘Nano Culture’
To ensure the multi-disciplinary
collaboration that is a pre-requisite to
success, the Center is intentionally working
to instill a ‘Nano Culture’ among the many
researchers working in its facility. This
culture consists of a mindset and day-to-day
interactions that encourage the sharing and
exchanging of views between researchers
and students from diverse academic
backgrounds.

Activities aimed at promoting this ‘Nano’
culture include conferences, seminars, and
monthly social gatherings, all designed to
cross discipline boundaries and create a
sense of community. The fact that industry
engineers work closely with the Center
personnel further facilitates the know-how
flow.
Conclusion

Now, 15 years after the TAU Center for
Nanoscience and Nanotechnology was
founded, it is clear that its operating model
has enabled it to become a hotbed of Nano
research and a lively meeting place for
researchers and stakeholders in this fastgrowing field. Considering the limitations
of operating in a small country of limited
means, this is proof of the model’s viability.
Of course, the focus on interdisciplinary
cooperation continues. The University
recently launched the XIN Center (see box on
page 18 ,which is now in its second year. The
XIN Center has extended the Nano Center’s
activity to include a cooperation with China’s
leading University (Tsinghua University,
Beijing). The Center expects to reach
additional countries and partners in the
coming years. For Nanotechnology research
in Tel Aviv University, with the Center at the
helm, the future looks exciting indeed.

Case Study: StoreDot
Of the many companies that have emerged
from the Center, StoreDot provides an
excellent example of multidisciplinarity
combined with the serendipitous discovery
of new applications.
StoreDot’s products include brighter, more
vibrant display screens, and a revolutionary
battery technology that allows a cellphone to
fully charge in 60 seconds; coming up next
is an electric car battery that will go 480
km after five minutes. In addition to solving
pressing problems, the technology used by
StoreDot reduces the use of toxic materials
and enhances safety while lessening
environmental impact. StoreDot expects that
the first products using its technology will
reach consumers in 2016.
The company’s strategy is to replace known
technologies by means of advanced materials
with enhanced physical, chemical, electrical,
and optical properties. Its key technology
is based on organic molecules that were
first observed in 2003 by biochemist Prof.
Ehud Gazit, now Chair for Nano-Biology
at Tel Aviv University, during his studies
of processes associated with Alzheimer’s
disease. Interestingly, similar materials
also showed high capacitance, thanks to
an ability called ‘charge trapping’. These
electrical properties, which were identified
by Prof. Gil Rosenman, drew the attention
of Prof. Simon Litsyn, both of the School of
Electrical Engineering at Tel Aviv University,
and of Dr. Doron Myersdorf, who was then
at SanDisk. The three eventually founded
StoreDot, which combines peptide molecules
to create crystals only two nanometers long
– the Nanodots at the heart of StoreDot’s
technology.

This coming together of expertise in
medicine, electro-optics, and electronic
engineering to create entirely new vistas of
practical products is a classic example of how
Deep Innovation works in Nanotechnology
– when it is empowered by a supportive
ecosystem. Just as varied are the company’s
funding sources. StoreDot has successfully
attracted significant venture funding from
a number of diverse investors – from a large
Korean consumer electronics corporation to
individual investors.
The transition from academic research
to industry, and the cooperation between
the two, is not without the potential for
friction. StoreDot’s intellectual property
(IP) is currently the subject of litigation
brought by Ramot, the Tel Aviv University
technology transfer company, against the
start-up. StoreDot is attempting to return
some of its patents to the University, claiming
independent development of the technology
it embodies – a point vigorously contested by
Ramot.
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The Xin Center
In September 2013, Tel Aviv University and
Tsinghua University, the leading technology
university in China, agreed to establish
a joint center of excellence focused on
Nanoscience. This ambitious collaboration
was named XIN (‘new’ in Chinese).
The Xin Center is grounded in a systematic
innovation model that pulls together
academia and industry. From project and
researcher selection, leading scholars and
entrepreneurs collaborate to provide close
guidance and support to future innovators,
creating a robust system that ensures
innovative technologies have a better chance
to reach into marketable products.
XIN activities are focused on the intent to
create cooperation and shared learning.
These activities therefore include joint
research projects, student exchange
scholarships, workshops, and courses.
The two universities exchange innovation
methodologies and the lessons each have
learned. This fruitful cooperation gives TAU
exposure to businesses in China and extends
the global scope of its activity, and could be
the basis for extending the same model to
other geographies.

FURTHER
READING
Schmidt, Karen, F.
(2007) “Nanofronteirs:
Visions for the Future
of Nanotechnology”
Woodrow Wilson
International Center for
Scholars. Available at:
http://www.
nanotechproject.org/
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PEN6_NanoFrontiers.
pdf
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Introduction

The Consortia for Improving Medicine
with Innovation & Technology (CIMIT) was
established in 1998 by four leading academic
medical centers and universities in the
greater Boston area to leverage the value of a
consortium to improve patient care through
Deep Innovation using medical technology to
solve pressing unmet medical needs.
CIMIT has since expanded to become
the hub of a network of national and
international consortia functioning as a
widely disseminated ‘center without walls’
(Figure 1). Starting from a technological
foundation of medical devices, diagnostics,
and procedures, the CIMIT medical domain
has grown to support a wide spectrum of
medical innovations, including healthcarerelated information technology, patient care
workflows, drugs, and biologics. By focusing
on making the network operate more
efficiently, and enabling Deep Innovation
rather than doing the work itself, CIMIT
reduces the ‘friction’ of collaboration across
disciplines and institutions. CIMIT’s success
also stems from its strict adherence to acting
as, and being viewed as, ‘neutral ground’,
with its only agenda being to help others in
their journey to improve patient care.
CIMIT has built, codified, and continuously
improved upon its solutions for innovation
in the medical domain by facilitating and
studying the journey of medical research
teams working on more than 250 solutions
to important unmet needs (see Further
Reading). These solutions have resulted from
over 600 peer-reviewed, multi-disciplinary
collaborative projects. CIMIT’s track record
shows that building and operating an
efficient virtual infrastructure to facilitate
innovators within a network creates
significantly more value in the medical
domain than by individuals working
independently.
After a brief overview of the Medical
domain and associated challenges in Deep
Innovation, we describe our solution – the
CIMIT Model – and then conclude with
illustrative case studies.
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Figure 1: The growing CIMIT network
Source: Author analysis
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1. The Medical domain and
barriers to Deep Innovation

The process of translating medical science
to patient care is complex, long, and risky.
Not coincidentally, the Medical domain is
in urgent need of both incremental and
disruptive innovation to speed solutions to
patients.

The process of translating
medical science to patient
care is complex, long, and
risky
Medical innovation is problematic for a
number of reasons. First, while academicbased medical research is a fertile source of
innovative ideas and potential innovators
are closest to patients (and therefore the
unmet needs), academic-based medical
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research has traditionally been done in
silos defined by individual laboratories
with minimal emphasis or value placed
on multi-disciplinary, multi-institutional
collaborations. Second, academic-based
clinicians and engineers are not experts in
the process of commercialization and are
motivated and rewarded based on traditional
academic metrics such as publishing and
academic promotion. Finally, much of the
research starts with the development of a
technology, and then the investigators look
for a healthcare-related problem to apply
it to, which we call ‘technology push’, and
which CIMIT has found to be less successful
for improving patient care than ‘clinical
pull’, as described in the next section.
Consequently, disruptions in successfully
translating academic-based innovations
to patient care occur often and at multiple
stages of the process, and potentially
worthwhile innovations languish on the
shelf.

2. The CIMIT Model: a solution to Deep
Innovation in the medical domain

To address these challenges, CIMIT has
developed interrelated methods and
processes referred to collectively as the
CIMIT Model to ‘find, fund and facilitate’
collaborations that drive solutions to patient
care. The CIMIT Model emphasizes the
importance of starting with an intimate
understanding of unmet medical needs
– which we call ‘clinical pull’ – and then
identifying collaborators to work on
developing and advancing solutions to the
problem, thereby improving the standard
of care. CIMIT refers to the steps involved in
Deep Innovation in the Medical domain as
the Healthcare Innovation Cycle (Figure 2).
The cycle is grounded with the experience of
a stakeholder, usually a clinician, observing
or experiencing unmet needs and how care
is actually delivered. Thus the first step is
for experienced, well-informed clinicians
(or other Medical domain experts) to define
the problem at hand, corresponding to the
Challenges & Opportunities step in the cycle.
In articulating the problem, they should not
be biased by any particular technological
approach to a solution.

then advance to the next stage of the cycle.
They design potential solutions based on
evaluating a range of existing technologies,
or by creating new ones, and demonstrating
the feasibility of the underlying principles.
Robust prototypes are then developed and
tested to determine whether the solution
will create sufficient value under practical
considerations and constraints to secure
commercial investment and produce a viable
offering. Evidence is gathered to achieve
regulatory approval and demonstrate that
the product, service, or procedure will
establish a new ‘best practice’ in patient
care. At that point, the work is still not
completed; the solution needs to be broadly
disseminated in appropriate venues and
made widely available so that it can become
the new standard of care. The cycle operates
at its best as a spiral, arriving at the end
of each rotation at a higher standard of
care, awaiting new medical insights and
innovations for further enhancement (see
the case study, below, of optical coherence
tomography).

Having established an important need
for healthcare improvement, innovators
Figure 2: The Healthcare Innovation Cycle
Source: Author analysis
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CIMIT extracts insights and ideas for
medical innovations through a number
of convening events that bring together
diverse stakeholders from industry,
academia, the venture community, medical
foundations, and representatives from
relevant government agencies. By proactively
engaging the entire community to discover,
evaluate, and solve areas of unmet needs,
these events stimulate novel ideas and spawn

The experts should not be
biased by any particular
technological approach
new collaborations, leveraging synergies
from across different technical and clinical
domains, and encouraging creative problem
solving. Facilitating the formation of
collaborative teams of clinicians, engineers,
entrepreneurs, and companies to propose
and conduct translational research is the
charge of CIMIT Site Miners and Program
Leaders, as well as CIMIT leadership.
Site Miners are senior members of the CIMIT
consortium institutions who figuratively
‘mine’ their institution for unmet medical
needs, projects, and investigators with
promising ideas. They serve as the key access
point to a consortium member institution.
Their time and effort spent site mining is
supported by their member institution. Site
Miners at academic and research institutions
open and maintain dialogues with the
clinicians and researchers at the front lines
of Healthcare and Technology within their
institutions. Site Miners at companies and
foundations look for strategic opportunities
for their organizations to engage and help
address an important business opportunity
or organizational mission. Site Miners
across the consortia work with each other,
Program Leaders, and CIMIT leadership to
find and assess areas of clinical unmet need;
seek out and connect clinicians, engineers,
and entrepreneurs who have creative
ideas about applying technologies to solve
targeted patient care challenges; provide
seasoned guidance and mentorship for
investigators, and serve as expert reviewers
of submitted proposals. Site Miners are the
glue that connects people and ideas across
the cultural walls of consortium institutions
and even across the boundaries separating
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departments within them. Collectively,
CIMIT Site Miners have thousands of
interactions with innovators annually.
Program Leaders are responsible for the
clinical and technical focus areas at CIMIT.
They are nationally and internationally
recognized authorities in one or more
medical or engineering areas. Based out of
a consortium member institution, they seek
out and bring together innovative scientists,
clinicians, engineers, entrepreneurs, and
companies from across a consortium to solve
major unmet medical needs within their
particular programmatic area. Program
Leaders work closely with project managers,
serving as strategists, content, and industry
experts, and coaches for the teams within
their program area, imparting advice and
offering encouragement as these researchers
plan and execute projects. They help monitor
the progress of teams and inform CIMIT
of emerging areas of clinical need where
innovation and emerging technologies could
make a powerful difference in the standard
of care.
CIMIT starts with a full, in-depth
understanding of the unmet medical need
and then conducts a deliberate, prospective,
strategic planning process to select the best
path forward for achieving the desired goal.
Wherever CIMIT starts its involvement in the
healthcare innovation cycle, its commitment
and facilitation continue all the way through
to patient impact.
Stages of CIMIT innovation
If the overall medical context of a particular
unmet need is well understood, then
CIMIT will begin with a small portfolio of
focused projects. Mirroring the nodes of
the healthcare innovation cycle, common
starting points for CIMIT projects are the
innovation stage (often called pilot, proof-ofconcept, or proof-of-principle), proof-of-value
stage (often called validation), commercial
accelerator stage (sometimes called
incubation), and commercial growth stage.
1. Innovation stage (pilot/proof-of-concept/
proof-of-principle) projects are high-risk,
collaborative, early-stage projects for
improving patient care for existing medical
fields and practices. Innovation Projects
are translational in nature and typically
one year in duration, with budgets (total
costs) up to US$100,000 with the objective

of scientifically de-risking a novel idea
by showing early-stage proof of concept,
thereby justifying proceeding on to the
proof-of-value stage to generate a viable
candidate for further pre-commercial
development. Projects at the innovation
stage are particularly difficult to fund
through non-CIMIT sources given their high
risk, but CIMIT has consistently secured
funding for Innovation Projects based on its
track record of successfully facilitating these
projects to patient impact.
For an Innovation Project to be considered
for funding, it must present a practical,
collaborative, multi-disciplinary plan of work
that will solve the addressed unmet need if
successful. The criteria by which Innovation
Projects are chosen for funding have been
refined over the years and include: i) the work
addresses an important healthcare need; ii)
the work is multi-disciplinary, of high quality,
and appropriately configured and resourced;
iii) if successful, the project has a path forward
to commercialization; iv) the solution provides
a key step in moving a new capability into
clinical care, and fits logically into a technology
transition plan; v) the project is sufficiently
novel to differentiate it from other potential
solutions, but does not require any additional
scientific ‘breakthrough’ to have clinical
impact, and vi) risks must be recognized and
addressed directly.
2. Proof-of-value (validation) stage projects
have already been scientifically de-risked
and are designed to show clinical value
for the target unmet need in order to
then license the technology or to receive
additional funding for prototyping, technical
de-risking, or early-stage, small scale
translational studies. Proof-of-value projects
are typically one to two years in duration
with annual budgets up to approximately
US$500,000 a year.
3. Commercial accelerator (incubation) stage
projects are scientifically and technically
de-risked and have well-understood market
channels, but require further development
and investment of money and/or business
development expertise to attract interest
from an entrepreneur or commercial entity
to achieve initial market penetration. These
projects are typically 18 months in duration
with total budgets up to US$1–2 million.
Accelerator stage projects are managed
by members of the CIMIT Accelerator
Team: former CEOs, or founders of medical
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companies, who take responsibility for the
commercialization of projects by drawing
on their expertise and extended network.
Through CIMIT, Accelerator Team members
join projects essentially full-time to drive
them to commercial success. Over the fiveyear history of the Accelerator Team, the
CIMIT commercialization success rate has
increased from 27% to 41% and the time
to commercialize innovations has dropped
from 36 months to 19 months, as defined
by at-risk investment in moving the project
towards the marketplace, typically by a
commercial entity.
To maximize the likelihood of commercial
success, CIMIT also offers project teams the

Such efforts may result in a
new field of medicine
opportunity to participate in a Healthcare
Commercialization Boot Camp. This is an
intensive, hands-on, 10-week program that
improves the commercialization effectiveness
of early-stage healthcare innovations. In
addition to lectures, teams receive 1:1
mentoring from successful healthcare
entrepreneurs and group coaching from
commercialization experts and investors.
Teams develop and validate go-to-market
strategies that will help secure licensing
agreements and create start-ups. Real-world
learning, interactive lectures, and facilitated
exercises help teams define and understand
the needs of key stakeholders, and de-risk the
market forces affecting their projects. Led by
an Entrepreneurial Leader and supported
by Clinical and Technical Leaders, teams
interview key stakeholders to validate value
propositions, customer segments, pricing,
and business models, and develop viable
strategies to solidify IP and secure regulatory
approval and reimbursement. The curriculum
for this healthcare-specific program uniquely
combines CIMIT’s proven commercialization
methodologies with elements from other
successful courses.
4. Commercial growth: besides funding
projects that are pre-commercial,
CIMIT funds companies to advance
commercially available (or soon to be
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available) products for new or expanded
uses. Typically, the companies funded by
CIMIT have technologies that are viewed
as potential solutions to unmet medical
needs but that the companies would
not otherwise invest in without CIMIT
support. Currently, for example, CIMIT
has an ‘adoption and diffusion’ call to
assist primary care practices in adopting
and adapting commercially available,
point-of-care technologies to demonstrate
value and speed adoption in the primary
care setting. CIMIT investments in
companies generally require significant
matching investments by the companies
themselves.
In contrast to the project-level approach, if
developing an entirely new medical field
or inter-disciplinary effort is required to
solve the unmet medical need, then CIMIT
may start the process with a white paper or
major convening event to define the scope
of the new vision. These activities will also
identify the stakeholders and the new types
of collaborations and technical capabilities
that will be required to move forward. Such
efforts may result in a new field of medicine;
re-engineered patient care environment;
new national standards, or the creation of
technology-, disease-, or age-specific programs.
A couple of examples are highlighted in the
case studies below.

CIMIT tools
Central to CIMIT’s ability to efficiently
manage its processes is CIMIT CoLab®:
A Collaboration Platform for Healthcare
Innovation (CoLab). Steadily evolving since
2009, CoLab is a synthesis of best-in-class,
secure, web-based tools with functionality
designed to allow CIMIT to manage the
activities of a consortium, and even more
importantly, support teams through the
Healthcare Innovation Cycle. CoLab is a
secure, cloud-based platform with over
10,000 registered users who have engaged
in more than 2,500 private collaborative
healthcare innovation initiatives.

CIMIT has constantly sought to improve
upon the CIMIT Model by measuring its
impact. To do so, questions were asked such
as: i) how often do CIMIT-funded projects
proceed from being an Innovation Project
to commercialization and patient impact?;
ii) what are the factors that predict success?,
and iii) how often do Innovation Projects get
derailed, at what point(s) of the cycle, and for
what reasons?
To answer these questions, CIMIT conducted
a Clinical Impact Study in 2009 – updating
it in 2012 and again in 2014 – to assess
the outcomes of its funded projects. Each
analysis was limited to projects initiated
more than three years prior to when the
analysis occurred in order to give projects a
reasonable period of time to generate results.
CIMIT leadership, with the close help of
investigators and program leaders, captured,

quantified, and analyzed the impact created
by the CIMIT-funded projects, including the
resulting healthcare products, procedures,
and services. ‘Input’ and ‘output’ metrics,
such as CIMIT expenditures, publications,

we believe that this success
rate represents a step change
for translational medical
research
and patents were quantified, as was followon (or enabled) funding, defined as i)
additional non-CIMIT funding to further
support the project that CIMIT originally
funded, and which was applied for by the
project lead, or ii) commercial investment by
a company.
Some key metrics of the study are presented
below, which represents US$55 million of
funding for 228 solutions, many of which
involved multiple, peer-reviewed projects.
While comparables are hard to identify,
we believe that this success rate represents
a step change for translational medical
research, particularly given the early stage of
development at which CIMIT often becomes
involved, and, as noted above, which has
further improved with the establishment of
the Accelerator Team.

Table 1
Source: Author analysis

Sample output metrics

Portfolio output profile

Follow-on funding

US$516m

Still active

70%

Commercial investment

US$597m

Received follow-on funding

49%

Total enabled funding

US$1,113m

Patient trials (score >=1)

37%

Peer-reviewed publications

2,293

Significant impact on one or more careers

30%

Issued patents

458

Reached commercialization

27%

Approved for clinical use

17%
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Case studies: CIMIT
As suggested by the above metrics, the results
created by CIMIT-supported projects have
been substantial. Examples of large-scale
initiatives and collaborative projects that
have reached patient care, with hundreds
more still in the pipeline, include:

1. Redesign, Reengineer Patient
Care Environments
Example: Operating Room of the Future
(ORF)

The first and largest re-engineered patient
care environment undertaken by CIMIT
was the ORF, which has had a national
and an international impact on the design
of operating rooms, including at leading
medical institutions such as Memorial
Sloan-Kettering Cancer Center and New
York-Presbyterian Hospital. The CIMIT
Program Leader led a multi-disciplinary
team to develop the ORF. Participating
companies provided radio-frequency
identification (RFID) capabilities for tracking
personnel and equipment and a real-time
integrated information dashboard for visual
applications, which are now commercially
available and used in major hospital systems
across the U.S.
To disseminate the details about their
accomplishments, the ORF team published
numerous papers, abstracts, and reports, and
hosted postgraduate courses and national/
international site visits. The ORF became
a ‘learning laboratory’ to study the effects
of space re-design, process and technology
innovation on patient safety, operational
efficiency, and patient/provider satisfaction.
This ‘learning laboratory’ was emulated
by teams working on other CIMIT-funded
initiatives to re-engineer patient care
environments, including an ambulatory care
practice and neonatal intensive care unit.
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2. Develop Platform Technology

3. Setting Medical Standards

Example: Optical Coherence Tomography
(OCT)

Example: Medical Device Plug-and-Play

OCT, a novel technology platform that
provides cross-sectional images of
tissue architectural microstructure at a
resolution of 10 μm, was developed in 1990
at Massachusetts Institute of Technology,
in part with U.S. Department of Defense
funding. Two key innovators moved to
Massachusetts General Hospital and
received a CIMIT Innovation Project grant
to develop the capability of real-time
imaging of the human coronary arteries
and gastrointestinal tract in vivo with
OCT. Subsequent financial and business/
marketing/IP support from CIMIT enabled
the growth of the entire clinical OCT field.
The team developed second-generation OCT
that was subsequently commercialized and
made imaging of coronary arteries standard
practice. It also enabled the imaging of entire
gastrointestinal tract organs. The successive
generations of OCT and evolving uses provide
a good example of the ‘spiral’ nature of the
Healthcare Innovation Cycle.
Based on the work that CIMIT helped to
make possible, gastrointestinal OCT and
cardiovascular OCT have now been used to
diagnose multiple conditions in hundreds
of thousands of patients. According to
a June 2015 report from BCC Research,
“The global market for optical coherence
tomography technologies reached US$722.7
million and US$795.4 million in 2013 and
2014, respectively. This market is forecasted
to grow at a compound annual growth
rate (CAGR) of 7.9% to reach nearly US$1.2
billion in 2019” (http://www.bccresearch.
com/market-research/healthcare/opticalcoherence-tomography-global-marketstechnologies-oct-report-hlc097b.html).

CIMIT recognized that today’s fragmented
healthcare delivery paradigm has resulted
in patient care technologies that are
inefficient, error-prone, and subject to
sub-optimal outcomes. For example, the
devices used for monitoring, collecting,
analyzing, and displaying criticallyimportant device- and patient-generated
data usually operate independently
from each other and from the electronic
medical record, each using proprietary
systems. Medical devices such as infusion
pumps and ventilators act autonomously
to perform their functions, which
may put patients at risk. Solving this
problem requires the creation of new
national standards in medical device
interoperability. CIMIT’s Medical Device
‘Plug-and-Play’ Interoperability program
was created to address this challenge.
This effort has become the national
leader in developing and adopting open
standards and related technologies to
address key barriers to achieving device
interoperability, irrespective of the
manufacturer, including the development
and support of suitable open standards;
the elicitation, collection, and modeling of
clinical use cases and system engineering
requirements; the development of
an open platform and tools to enable
implementation; aligning clinical,
manufacturer, and FDA regulatory
expectations, and implementing prototype
use cases in an open ‘sand box’ lab
environment.
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Summary

Solving today’s unmet medical needs with
Deep Innovation requires the removal of
existing structural and cultural barriers.
CIMIT has shown that its model can
successfully take an idea in the medical
clinic across the Valley of Death to become a
transformative new standard of care.
CIMIT is now optimizing its processes for
linking hubs of medical innovation across
the world into a network of consortia to
address important regional healthcare
imperatives, often with the local support of
government agencies that have identified
opportunities for economic growth through
the development of their medtech/biotech
sectors. CIMIT will then scale, replicate,
improve, and adapt its processes in these
hubs to facilitate Deep Innovation in
medicine and, as a global collaboration, to
collectively pursue our mission to improve
healthcare.
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Introduction

The plague of the 21st century is rooted in
the brain. Nearly 100 million Americans
suffer from Central Nervous System (CNS)
disorders, resulting in an annual economic
cost of over US$760 billion. As of 2010, brain
disorders affected 38% of Europeans and
accounted for about one-third of the total
disease burden and direct and indirect
health-related expenses (Wittchen et al.,
2011). Two major international efforts – by
the European Human Brain Project and
the American BRAIN Initiative – promise
to actively advance basic and applied brain
research. At the same time, however, six of
the 10 largest pharmaceutical companies

no effective cure has yet to
be found for any of the brain
disorders
have sharply reduced their CNS-targeted
drug-development efforts (Choi et al., 2014).
If something drastic is not done in the next
decade to bring the industry back into the
brain game, and to encourage collaborations
between academia and industry, we may face
the consequences of this decline as resources
in translational neuroscience gradually
dwindle.

the brain disorders (IOM, 2015). Therapeutic
efforts towards finding the cure have
narrowed down in the last decade as big
pharmaceutical companies shut down or
down-sized their activity in the field (Choi
et al., 2014). Several failures of advanced
phase 3 drugs called the entire community
– academia, industry, government, and
organizations – to rethink and examine
new approaches (Vellas et al., 2013). The
unique challenges of the field that are
not present or are less influential in other
fields of Healthcare increase the risk and
failing rates in drug development. At the
same time, the potential rewards due to the
prevalence, and the aging of the population
in many of the countries, are enormous. The
question is how to encourage companies
to fortify their CNS drug development
programs and how to minimize the obstacles
that currently discourage ventures from
widening the pipeline toward CNS drugs.
The past two years mark a turning point in
the field as new global efforts and innovation
models arise and neuroscience is becoming
attractive through collaboration and data
sharing.

This article describes the unique challenges
of CNS drug and technology development,
including experimental, clinical, and
regulatory aspects. In the last two years,
there seems to be a new hope and spirit in the
field, as novel opportunities in CNS-focused
pharma arise worldwide. Novel, creative
solutions and innovation models that can
advance brain R&D in the coming decades
have been presented.
Developmental, psychiatric, or
neurodegenerative illnesses of the CNS
exhibit a wide range of symptoms and
affect all ages, from infancy and through
adolescence to old age. Despite their growing
prevalence worldwide, and their enormous
impact on human suffering, alongside the
economic burden they cause society – and
despite large investments in the field – no
effective cure has yet to be found for any of
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The Brain Crisis – A Turning Point?

Despite the tremendous market potential,
CNS drugs have become less attractive
for big pharma because of perceived high
risk. Venture funding for novel drug R&D
decreased by 56% for mental disorders
and 39% for neurology (neurodegenerative
disorders, stroke, multiple sclerosis, etc.)
when comparing two five-year periods
(2004–2008 vs. 2009–2013), compared to a
less than 5% decline for oncology (Table 1
and Thomas and Wessel, 2015). It should be
noted that the number of new CNS companies
per year remained quite stable in both fields
(Table 1), however, each company received
less funding (Thomas and Wessel, 2015).
Table 1: Comparison of novel R&D investments and total
investments in Neurology and Psychiatry in two fiveyear periods (2004–2008 vs. 2009–2013), adopted from
Thomas and Wessel, 2015
Source: Author analysis

A) Neurology

2004-2008

2009-2013

Change (%)

Novel drug
R&D

US$1,627m

US$991m

-40%

Amount
invested

US$2,889m

US$1,727m

-40%

Average # of
companies
per year

37

41

11%

B) Psychiatry

2004-2008

2009-2013

Change (%)

Novel drug
R&D

US$465m

US$203m

-56%

Amount
invested

US$588m

US$302m

-49%

Average # of
companies
per year

6

6

0%

Some of this decrease in CNS investments
can be explained by the fact that developing
new CNS drugs has become more challenging
over the years as overall success rates have
fallen, and the cost of discovering and
developing new drugs has reached the range
of US$1.8 to US$3.9 billion (Choi et al., 2014).
The development is more expensive in part
due to longer clinical trials (lasting about
a year longer) than for non-CNS drugs, and
longer review time for drug approval (more
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than 30% longer) (according to TCSDD report,
2014, Choi et al., 2014). Longer periods of
development lead to shorter periods of patent
life and market protection for the drug
(Choi et al., 2014). However, the withdrawal
from the CNS field in the last decade was
disproportional to the difficulties and
challenges. Reduction of investment by big
pharmaceutical companies slowly percolated
to academy and to start-up companies as
their financial resources narrowed down as
well (Thomas and Wessel, 2015).
The research crisis in the brain field has
been addressed in the last two years by the
initiation of major global efforts to prevent
further decline and bring players back
in. Since 2013, there seems to have been a
change in direction as great entrepreneurs
like Paul Allen, Jeffrey Hawkins, and
Robin Li entered into the field and see it
as promising and life-changing. Robin Li,
the founder of Baidu, recently encouraged
the Chinese government to launch a ‘China
brain’ program, which would focus on brain
technology (Artificial Intelligence) for a wide
range of topics, including Healthcare and
Diagnostics.
Other major global initiatives try to dive
into the mysteries of the brain by joining the
forces of hundreds of neuroscience-dedicated
labs around the world. The European Union
announced in 2013 a €1.2 billion initiative
for 10 years, the Human Brain Project. This
flagship project aims to achieve a multi-level,
integrated understanding of brain structure
and function through the development and
use of information and communication
technologies. Soon after, President Obama
declared a US$300 million BRAIN Initiative

NEW MAJOR GLOBAL INITIATIVES
MIGHT BRING BACK KEY PLAYERS
INTO THE BRAIN FIELD
(Brain Research through Advancing
Innovative Neurotechnologies), aiming at
finding new ways for treating, preventing
and curing brain disorders. These major
global efforts were criticized right from the
beginning by a few leading neuroscientists
who were skeptical about the projects’
chances of success. If successful, these efforts

can do for the CNS field what the Human
Genome Project did more than a decade ago
for Genomics, given that resources will be
spread in a smart and efficient way and that
clear and realistic ‘products’ and outcomes
will be produced.
The CNS field – Challenges and Solutions in
a Nutshell
The field of brain disorders possesses
specific challenges at all stages of drug
development that are far more complex than
in other fields. One of the main difficulties
of finding cures for brain disorders is that
diagnosis of many of them (specifically the
neurodegenerative disorders) is possible
only in the very late stages of the diseases.
Therefore, the ability of many of the drugs
developed so far to change or interfere
with the course of the disease is very
limited (Pankevich et al., 2014). Most of
the therapeutics approaches available are
effective only in partially alleviating the
symptoms or delaying the progress of the

The field of brain disorders
possesses specific challenges
that are far more complex
than in other fields
disease. In Parkinson’s disease (PD), for
example, a progressive neurodegenerative
disease, with currently six million patients
suffering from it worldwide, early diagnosis
is not possible yet (Miller and O'Callaghan,
2015). The disease is characterized by the
death of dopamine neurons in the substantia
nigra pars compacta that leads to severe
motoric deficits and is associated with
cognitive decline. However, most PD patients
are diagnosed only after they have had the
disease for decades and have already lost
60–80% of their nigral dopaminergic nerve
cells, long before symptoms emerge (Miller
and O'Callaghan, 2015). A similar situation
is true for Alzheimer’s disease (AD) patients
and other forms of dementia. In psychiatric
disorders, the problem of objective diagnosis
occurs. Patients are mostly diagnosed based
on interviews and questionnaires, which
are prone to mistakes and biases. Diagnostic
misclassifications are common and can
influence the outcomes of clinical trials since
high rates of individuals are included in the
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trials, although they do not have the disease
under study (Ozomaro et al., 2013).
In light of these challenges, the focus in CNS
R&D is on developing early and objective
diagnosis for the diseases. Many of the
research efforts are focused on finding
reliable and robust biomarkers that can
serve as an early diagnosis for CNS disorders
and can be used for early intervention and
even prevention of the diseases (Miller
and O'Callaghan, 2015; Ozomaro et al.,
2013). Precision medicine (also known as
‘personalized medicine’) approaches based

there is no option for direct
study of the brain due to lack
of accessibility
on advanced imaging biomarkers, epigenetic
modifications, etc. (common in cancer
therapy and Cystic Fibrosis) are already
applied in the field. Precision medicine
aims to improve the chances to predict
the responsiveness of patients to certain
drugs and optimize the timing for medical
intervention, thus improving the chance of
drugs succeeding in clinical trials (Montine
and Montine, 2015).
Another significant challenge in the field
is to develop reliable disease models that
resemble the human disease as there is no
option for direct study of the brain due to
lack of accessibility. Appropriate animal
models do not exist for many human
diseases, or are difficult to develop, and many
aspects of brain biology depend on neuronal
networks that cannot be reassembled out
of the body (IOM report, 2013b). Species
that develop disease pathology, such as AD,
spontaneously are rare, and it is difficult to
obtain them due to economic, experimental,
or ethical considerations (Van Dam and
De Deyn, 2011). Therefore, in most cases,
it is required to induce the pathology by
artificial manipulations such as surgical
procedures, addition or removal of biological
factors, application of stimuli, and genetic
manipulations. The gap between animal
models and the human diseases led to a
problematic situation where many of the
CNS drugs worked very successfully on
animal models but exhibited poor results in
treating human patients (Franco and Cedazo-

36 Venture Findings #3 (2016) — Deep Innovation Issue

Minguez, 2014). Comparative neuroscience
is putting a lot of effort into identifying the
brain disorders in which animal models
can be relevant and effective for drug
development. Another direction for modeling
brain disorders, developed very extensively
in the last decade, is the introduction of
human stem cells. An example of such a
model is Induced Pluripotent Stem Cells
(iPSCs) derived from human fibroblasts that
can differentiate into disease-relevant cell
types. iPSCs capture the unique genome
of the individual and once taken from CNS
patients – including sporadic patients – can
serve as more relevant models for brain
disorders (Israel et al., 2012). iPSCs models,
though experimentally complex, are
considered to be a promising direction in the
field. The extent that they can reflect the full
pathology of CNS diseases needs to be further
explored (Young and Goldstein, 2012).
Deep Innovation in CNS Requires Deep
Understanding of How the Brain Functions
Incentives for pharmaceutical companies,
such as additional market protection
or acceleration of the drug approval
process, will not be enough to speed drug
development in the CNS field. Efforts need
to be put into understanding the most
basic mechanisms of brain function and
malfunction and the identification of
relevant molecular targets for CNS brain
disorders. A greater emphasis should
be given to basic CNS research. The CNS
field suffers from a lack of understanding
of underlying biological pathways and
etiology of the diseases. Understanding the
mechanism of possible targets will certainly
improve chances of developing an effective
drug. This is where academia enters into
the equation: Deep Innovation concepts
should be based on new knowledge and
findings coming from the academia and
on how to advance translational efforts of
basic research through collaboration with
industry. Funding of the field should address
those early stages of basic science projects
with translational implications, because
these projects can pump the field with new
directions and strategies and are the main
source for the next breakthroughs.

Understanding of mechanisms alone is
naturally not enough; targets should be also
verified as ‘druggable’ suitable agents. For
this, a constant dialogue, collaboration, and

data sharing between academia, where most
research is done, and industry, where most
development is done, together with constant
feedback and input from clinicians and
clinical research, is a perquisite.
An effective therapy for CNS certainly
demands both excellent research and
excellent development; increasing research
conducted by industry or the efforts of drug
development in academia, together with
facilitating collaborative models bridging the
gaps between the vertices of the triangle of
academy–industry–clinics, are essential for
the success of the field.
2015 – New Developments in the CNS field
Even though there was a significant
withdrawal of big pharmaceutical companies
from the CNS field in the last decade, some
companies stayed and invested in CNS
R&D. In the last two years, there has been a
growing interest in the field, due to major
developments and the appearance of more
unique tools (e.g. the Big Data revolution)
that significantly increase the chances for
a quantum leap in the next few years. Two
high-profile pharmaceutical companies,

The CNS field suffers from
lack of understanding
Biogen and Eli Lilly, reported this year
that they have promising indications
for successful results of phase 2 trials of
antibodies against β-amyloid, one of the
proteins that causes the main pathology of
AD – the plaques. Both drugs were found
for the first time to be able to slow down
cognitive decline in mild AD. Biogen’s drug
even reduced β-amyloid levels. Yet, caution
should be taken when digesting these
results, due to their very early stage. Both
experiments were done on small numbers
of patients (<30). The effective dose of the
Biogen drug was found to cause some serious
adverse effects, while lower doses had no
significant effect (Underwood, 2015). Overall,
companies are again pursuing the road of
vaccination for AD. This approach was tested
and failed a decade ago, causing serious
inflammatory effects, but now scientists
use novel and more promising approaches
(Kudrna and Ugen, 2015). The new attempts,
like that of Novartis, claim to prevent the
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inflammatory reaction. The drug is tested
not only on AD patients but also on healthy
volunteers with considerably higher risk for
AD (people with two gene copies of ApoE4,
which significantly increase the risk for AD)
(Underwood, 2015).
Companies recognize once again the
potential of CNS and have returned to
investing in internal and external R&D
resources. The next section deals with three

Companies recognize once
again the potential of CNS
case studies that demonstrate how academia
and industry can work together to progress
the CNS field, maximizing the advantages
of both worlds while keeping academia’s
research freedom.
Models for Deep Innovation in CNS at the
Interface between Academia and Industry
Teva Builds a National Network of
Excellence in Neuroscience
In 2013, the Israeli company Teva
Pharmaceuticals Industries initiated
the National Network of Excellence in
Neuroscience (NNE), a unique program to
support Israel’s excellent early-stage and
established researchers in CNS in conducting
innovative research and exploring new
therapeutic strategies. Teva created a
young, growing scientific community that
includes over 60 leading neuroscientists
from 10 universities in Israel. The network
already fostered some significant progress
in finding new directions in the field and
in establishing new inter-institutional
collaborations and data sharing. Models
such as the NNE, that aim to create a new
ecosystem for CNS research and grant
researchers with the freedom to explore
new ways of thinking in Neuroscience, are a
powerful means of providing the new hope
that the field is so desperate for.
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Outcubators – Deep Innovation at the
interface of academy and industry
The outcubators, a new and promising model
for open innovation at the interface between
industry and academy, recently entered
the CNS field. The new model, initiated and
led by Dr. Christian Tidona, a successful
entrepreneur and the head of the Biotech
Cluster Rhine Neckar (BioRN) in Heidelberg,
Germany, synergizes the strengths of the
two worlds. The model is based on specific
challenges, open questions in biomedical
preclinical work, and defined by different
pharma companies in various fields. The
challenge is published worldwide as an open
call for talented early-stage researchers to
propose novel solutions for specific problems.
The winning group receives a job contract
for several years to pursue the therapeutic
strategy offered.

17 medical centers, created a network with
over 20 companies that actively collaborate
with the School's researchers on specific
R&D challenges. BrainBoost includes
active research collaborations, students'
internships in the industry, visiting scientists
in the university from the industry, and joint
industry-School brainstorming sessions
to facilitate ongoing dialogues between
academia and industry. These interactions
have already built active bridges and are
postulated to lead to new breakthroughs in
the coming years.

The first outcubator, the BioMed X
Innovation Center (http://www.bio.mx),
established in 2013, is an open innovation
lab facility on the campus of the University
of Heidelberg. Under the guidance of
experienced mentors from academia and
industry, interdisciplinary project teams
are conducting novel and groundbreaking
biomedical research. Successful projects
from the outcubator are either internalized
into the development pipeline of the
respective pharma or biotech sponsor
or spun off into an independent startup
company. A new group focusing on novel
therapeutics approaches in AD is about
to be established. The team is sponsored
by AbbVie, a global, research-based
biopharmaceutical company formed in
2013 following separation from Abbott
Laboratories. Using this model, companies
can control the research theme and
deliverables, while the outcubator itself
serves as an intermediate vehicle that is
running the operational aspects of the
project for the pharmaceutical company. This
open innovation model of outcubators can be
extended to more topics in CNS and provide
novel therapeutics strategies and new young
talent to the field.
BrainBoost – A Dynamic Interface for
Industry–Academy Collaboration
The Sagol School of Neuroscience, at the Tel
Aviv University, the leading Neuroscience
institute in Israel, with over 120 active
research groups from seven faculties and
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Conclusion

Developing new CNS drugs is risky since
the percentage of patients that respond to
treatment is low and there is a high rate of
failure. In our view, the ultimate goal of all
players in the CNS field should be to improve
the risk–reward equation so that CNS
therapeutics will be once again attractive
for large pharmaceutical companies. Policy
changes that might increase private sector
contribution should be explored, as well as
developing new models for R&D investment
in Brain Deep Innovation that fills unmet
medical needs for CNS disorders. It seems in
the last two years, following the tremendous
success of the immunology-based therapy in
oncology, that the industry and the venture
ecosystem are looking for the ‘next big
thing’. Many signals point out that Brain, and
specifically neurodegenerative disorders, are
going to create the next breakthrough. As the
revolution of Big Data and precision medicine
accelerates the CNS field, the equation of
risk–reward is expected to significantly
improve for CNS drug development in the
coming next years – seeding new hope.
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Introduction

The journey from initial scientific discovery
to pharmaceutical commercialization is
long and arduous. There are considerable
challenges to taking innovations from
academia and translating them into
medicines for society. One of the main
challenges lies within the gap between
academia and industry, often known
as ‘translational research’. This stage is
frequently referred to as the Valley of Death,
where many promising ideas get lost.

3. Clinical development: the molecule is
evaluated in a series of clinical trials in
humans (phase 1, 2, and 3), to establish its
safety and efficacy. This process may take
5–6 years.
4. Registration: the entire information
about the drug is submitted to regulatory
authorities (such as the FDA) and is reviewed
in a process which usually takes about
1 year. The drug is approved and can be
prescribed to patients only after the review
process has been completed favorably.

Several initiatives have been set up to
address this challenge, but more remains
to be done to improve the transition of
Deep Innovation from academia to the
pharmaceutical industry. In order to fully
appreciate these complex challenges, we first
need to understand the drug discovery and
development process.
The Drug Discovery Process: A Long Journey

The process of drug discovery and drug
development is extremely long (8–12 years)
and expensive (> US$1 billion per drug).
There is a long, challenging road between the
initial insights into disease mechanism and
the eventual approval of a medicine.

One of the main challenges
lies within the gap between
academia and industry
Once a disease mechanism and potential
targets for drug intervention have been
identified and validated, the drug discovery
and development process begins. This
process can generally be divided into several
phases.
1. Discovery: identifying a molecule that
interacts with a biological target that
influences disease. This discovery process
may take between 1.5–4 years.
2. Preclinical development: once a molecule
has been identified, it is thoroughly studied
in-vitro and in animal studies to ensure
that it can be safely tested in human clinical
trials. Pre-clinical development usually takes
1–2 years.
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The Valley of Death
Figure 1: The Valley of Death
Source: Author analysis

Figure 1 depicts the steps in the long
journey from early scientific discovery to an
approved medicine. The first stages in the
process (novel pathways, target discovery,
and target validation) are generally
performed at universities and research
institutes and are most commonly publicly
funded. The clinical development and
registration stages are commonly conducted
by the pharmaceutical industry. They are
funded by the private sector.
Two steps in the middle of the process –
discovery and preclinical – (commonly
referred to as translational research) are
the challenging steps. While translational
research could potentially be performed and
funded by either academia or industry, it is
ultimately underfunded by both. As a result,
many promising discoveries originating
from academia are unable to cross this gap,
and do not realize their full potential by
industry.
Challenges for Academia to Conduct
Translational Research

Academic institutions’ natural area of focus
is finding novel pathways, identifying novel
targets, and validating them. Academia
is not usually in a position to financially
support and perform the subsequent stages
of discovery, the pre-clinical development.
Discovery and pre-clinical phases costs
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approximately US$10–15 million per drug,
a figure that is quite challenging to access
in an academic setting. Moreover, many
academic institutions lack the infrastructure
and expertise to conduct discovery and pre-

Investing in translational
research means that any
individual project has a
probability of success of
only 5%
clinical research. Another challenge relates
to the incentive schemes at universities.
Researchers in academia are usually
incentivized and promoted on the basis of
scientific publications and grants received.
Advancing projects into the translational
research stage does not usually contribute to
career advancements.

Figure 2: Probability of Success
Source: Author analysis

Figure 2 shows the probability of success of a
drug development project based on its stage
of development. The earlier a pharmaceutical
company enters into the drug development
process, the higher is the risk it is taking
and the longer is the time to see return on
investment.
Investing in translational research means
that any individual project has a probability
of success of only 5%. The higher risk profile

Pharmaceutical companies
have also been providing
funding to academic
institutions
discourages industry from investing in
crucial discovery and pre-clinical stages.
While many pharmaceutical companies
remain committed to discovery, they operate
in an environment where budget spending is
declining. When budget cuts are called for,
the earlier projects are the first ones to get cut.
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Initiatives to Address the Challenges

The translational research gap between
academia and industry is a serious problem,
impacting academia, industry, and the
healthcare system. Various approaches
for bridging this gap have been proposed.
They have arisen from a variety of sources:
governments, industries, and non-profits
have all been involved in projects to
encourage innovative solutions to this
problem. Outlined below are the four main
classes of initiatives.
1. Initiatives that encourage academia to
engage in translational research
Initiatives in this class come from non-profits
as well as from government and industry.
The Michael J. Fox Foundation, for example,
is making funding available for academic
researchers to engage in drug discovery and
preclinical development. The U.S. Government
(through the National Institutes for Health)
has also been instrumental in providing
grants for academic institutions to work
on translational research. Pharmaceutical
companies have also been providing funding
to academic institutions. For example, Pfizer
has recently set up a US$100 million initiative
to support translational research by academia
in the Boston area. Teva Pharmaceuticals has
set up a National Network of Excellence in
Neuroscience, dedicating up to US$15 million

The Michael J. Fox
Foundation
Michael J. Fox was diagnosed with youngonset Parkinson’s disease in 1991 at the age
of 29. Upon disclosing his condition in 1998,
the actor committed himself to the campaign
for increased research. Later that year he
launched The Michael J. Fox Foundation for
Parkinson’s Research, which the New York
Times has called “the most credible voice on
Parkinson’s research in the world”. Today the
largest nonprofit funder of Parkinson’s drug
development in the world, the Foundation
has galvanized the search for a cure for
Parkinson’s disease, and Michael is widely
admired for his tireless work as a patient
advocate.
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to directly fund the advancement of promising
projects across universities and research
institutes in Israel. However, taken as a
whole, the total percent of the pharmaceutical
industry’s budget that is dedicated to
supporting academic research is less than 5%,
so unfortunately it is not transformational.
2. Translational research initiatives of
pharmaceutical companies
Another approach is for industry to set
up departments focused on translational
research, such as the Novartis NIBR (Novartis
Institute of BioMedical Research) which turns
research advances into innovative medicines
with highly trained physician-scientists who
are breaking down the boundaries between
research and clinical practice.
3. Government initiatives to encourage

Collaboration comes through
joint work on validation and
drug discovery
academic and industry collaboration
A notable example comes from the U.K., from
Cancer Research Technology (CRT) which is
backed by the British government. It describes
itself as the meeting point between academia
and industry. This is a platform that enables
any pharmaceutical company in the U.K. to
tap into the 20 leading research institutes in
the area of cancer. It provides both funding
and a platform for industry and academia
collaboration through joint work on validation
and drug discovery. It has a proven track
record of successful innovation and three
drugs already on the market.
4. Companies trying to change the
intrinsic economics of translational
research
One format that may prove to be a model for
the future concerns companies that focus
specifically on the critical Valley of Death stage
and try and change its intrinsic economics.
Most notable is a Chinese company called
WuXi AppTec which is acting independently
to try and ensure this stage is carried out in
an efficient and low-cost manner in China. If
WuXi AppTec is successful at lowering the cost
of the translational research phase, this could
have a significant impact on industry.
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CASE STUDY: WuXi
Established in December 2000, WuXi
AppTec is a global pharmaceutical,
biopharmaceutical, and medical device
open-access capability and technology
platform with operations in China and the
United States. As an innovation-driven and
customer-focused company, WuXi AppTec
provides a broad and integrated portfolio
of services throughout the drug R&D
process. Its services are designed to help its
worldwide customers shorten the discovery
and development time and lower the cost of
drug and medical device R&D through costeffective and efficient solutions.

FURTHER
READING

Conclusions

In conclusion, the Valley of Death is a
serious concern and has implications for
the pharmaceutical industry, academia,
and society. Over the years, there have been
many scientific breakthroughs that could
have led to cures for diseases, but did not

there have been many
scientific breakthroughs that
could have led to cures for
diseases, but did not fulfill
their promise
fulfill their promise and materialized into
novel medicines due to the translational
research gap between academia and
industry.
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Introduction

Due to its pervasiveness and rapid
development, Nanotechnology has been
recognized as a key technology of the next
decades, which will strongly affect both
firms’ and countries’ competitiveness
and growth potential. Since 2000, several
countries have launched national research
projects, similar to the U.S. National
Nanotechnology Initiative (NNI) (http://
www.nano.gov), and adopted technology
policies to support a vast plethora of actors
(universities, research centers, established
companies, and new ventures) in the
development of Nanotechnology-related
Deep Innovations. As a result, a wide
heterogeneity has emerged both among
national technology policies, and among
strategies pursued by firms to develop
nanotechnology applications in terms of
the type of partnerships they establish with

several companies have
started to invest in the
acquisition of knowledge
and competencies related to
Nanotechnologies
external actors (being either other firms
or universities), and diversification degree
of their Nanotechnology-related patent
portfolios (Baglieri et al., 2014; Cesaroni and
Baglieri, 2012). For example, China tends to
support university-based Nanotech research
and university–industry partnerships,
while Japan exhibits a more industryoriented model through demand-side policy
intervention (Baglieri et al., 2014).
Overall, several companies worldwide have
started to invest heavily in the acquisition
of knowledge and competencies related
to Nanotechnologies, in order to secure a
strong competitive position in the nascent
nanotechnology industry. Specifically,
these early entrants are investing in
the development of two different types
of capabilities: relational and networkcreation capabilities, on the one side, and
recombinant capabilities, on the other
side. Firms’ recombinant capabilities

are particularly relevant in developing
nanotechnology applications, since most of
these technologies get unique characteristics
by combining two or more materials with
different properties. A common example is
fiberglass, where fine fibers of glass – which
are woven into a cloth of sorts – act as the

What is Graphene?
Graphene represents the archetypal
nanostructure within the family of carbon
nanoforms, and offers a range of unique
and versatile properties that can be used in
several domains, including longer-lasting
batteries, more efficient solar cells, corrosion
prevention, circuit boards, display panels,
and medicinal technologies. After the
seminal papers published in 2004 by the joint
Nobel Prize winners, Geim and Novoselov,
research efforts have constantly increased,
nurturing expectations, interest, and
investments on graphene technologies. The
two researchers discovered the ‘Scotch Tape’
method to isolate and characterize Graphene,
which consists of using a piece of adhesive
tape to remove flakes of graphite from a slab
of highly ordered pyrolytic graphite (HOPG).
Accordingly, the flakes are exfoliated using
more adhesive tape until finally a one atom
thick layer of graphite, named Graphene,
is left. Consequently, this method allows
graphene’s unique properties to be measured
and quantified. Of course, this method can
only isolate small amounts of graphene and is
a laborious process. Today, there are several
production methods, having respective
benefits and different types of Graphene
(monolayer, multi-layer, etc.), enabling
different applications. These applications
with various superior properties stem from
combination with other elements (including
gases and metals).
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reinforcement in a plastic or resin matrix.
Therefore, the capability to recombine and
integrate both scientific and technological
knowledge originating from diverse
sources affects firms’ ability to develop
Nanotechnology-related Deep Innovations
and represents a key to succeed in this field.
Within this framework, this paper intends
to analyze how firms’ recombinant
capabilities support the development of Deep
Innovations by exploring the distribution
of patent portfolios among top developers
of Graphene (a sub-field of Nanotechnology)
and by analyzing which knowledge sources
have been employed to pursue Graphene
developments. We show that albeit there are
no companies neglecting either scientific or
technological knowledge in the development
of Graphene Nanotechnologies, their patent
portfolios exhibit remarkable differences,
thus reflecting a unique ability to develop
Deep Graphene-related Innovations.
1. The promise of Nanotechnology and
the growing diffusion of Graphene

Among all the technological sub-fields
concerning Nanotechnologies, one of
the most important in terms of market
potential is that of carbon nanotubes (CNTs)
and, within it, that of Graphene. Due to
its characteristics (see box), Graphene is
expected to support the development of
Deep Innovations in several domains, with
particular emphasis on composite materials,
energy applications, and coatings, while the
potential market has been estimated to grow
from about US$20 million in 2014 to over
US$200 million in 2024, (IDTechEx, 2015).
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Because of its expected market potential,
several worldwide research teams, both
from academia and industry, have started
to develop a substantial body of scientific
knowledge, along with publications and
patent applications in Graphene technologies.
There were fewer than 40 scientific papers
published in 2004, while they reached over
4,000 in 2011, with nearly 9,700 Graphene
papers published worldwide in 2014 alone
(Shapira et al., 2015). Patent applications
show the same trend. Accordingly, several
countries have started to sustain research
programs on Graphene by granting specific
financial resources to this field. For example,
the European Union (EU) Graphene Flagship
is a 10-year, billion-euro (US$1.37 billion)
project, involving 75 partners from academia
and industry (i.e. the Karolinska Institute in
Sweden, the Max Planck Society in Germany,
and the National Physical Laboratory in the
U.K., along with Nokia and Philips, Airbus,
and Thales), which is devoted to exploit
the huge industrial potential of graphene
applications by leveraging their unique
combination of strength, hardness, lightness,
and flexibility.
Notwithstanding these benefits, Graphene
commercialization is still in the early stage
and only a few products have reached the
market (i.e. the tennis racket by Head and the
phone touch screen by Samsung), while the
current market is dominated by sales of raw
Graphene materials.
Two main reasons may explain this scarce
Graphene commercialization:
First, the diversity of manufacturing
methods and the related differential
performance are slowing down
standardization and this is likely to lead to a

Due to its characteristics, Graphene is expected to
support the development of Deep Innovations
situation where, over time, certain Graphene
materials will be more commoditized than
others.
Second, price variation across industries
hampers Graphene adoption and this might
lead to a split of Graphene manufactured
by using the same method and produced in
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different grades, according to parameters
such as size, purity, and electrical or
thermal conductivity. The emergence of
few dominant processes could favor the
merging of multiple manufacturers, and the
consolidation of fewer and larger suppliers
of a certain type of Graphene material. These
developments will determine the ability to
preserve profitability by dominant Graphene
manufacturers.
Despite these market obstacles, the
development of Graphene Deep Innovations
requires capabilities to recombine several
knowledge sources in order to produce
graphene products suitable for the
requirements of the industrial application,
or forms suitable to meet customers’ needs.
In other words, we believe that Graphene
commercialization relies not only on
the production of economically scalable
Graphene, but also on the integration of
raw materials into intermediate and final
Graphene products. In this vein, a huge
effort has been made by the academic
community to investigate the integration of
bulk Graphene and to produce intermediate
materials. For example, scientists have
devoted their attention to understand how
the presence of Graphene can enhance

the conductivity and strength of bulk
materials and help create composites with
superior qualities. Another issue worthy of
investigation is how Graphene can be added
to metals, polymers, and ceramics to create
composites that are conductive and resistant
to heat and pressure.
Although these processes are still laboratoryscale and require further efforts to
become relevant for industrial purposes,
they emphasize the crucial role of firms’
recombinant capabilities in developing
Graphene-related Deep Innovations.

the interplay between
scientific and technological
knowledge bases plays a
key role in determining the
innovativeness of firms
In this paper, we focus on firms’ recombinant
capabilities since they help overcome
the key market obstacles in Graphene
commercialization that are mainly mass
production and input quality. Firms that
possess recombinant capabilities are

Table 1: Top graphene developers
Source: Author analysis

Company

# Patent families

# Patents

Ocean’s King Lighting Science & Technology

378

440

Samsung Electronics

319

727

IBM

136

420

Hon Hai Precision Industry

81

262

Samsung Techwin

80

129

Samsung Electro-Mechanics

69

164

LG Chem

66

200

Nanotek Instruments

63

101

Hongfujin Precision Industry (Shenzhen)

63

197

Baker Hughes

58

246

Semiconductor Energy Laboratory

57

222

Toshiba

57

132

Xerox

56

144

LG Innotek

55

105

Total

1,538

3,489
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more likely to integrate raw materials into
intermediate and final Graphene products,
or to develop tailor-made and niche
applications, which provide compelling
benefits beyond cost competitiveness.
2. Empirical analysis

To address the research question, we focused
our attention on the 14 firms possessing the
largest Graphene-related patent portfolios
in the world (Table 1). In total, these firms
hold 1,538 patent families (that correspond to
3,489 patents worldwide) related to graphene
technologies. For each patent, we explored
the diversity of knowledge bases on which
such a patent has been built. Specifically, we
distinguished two main knowledge bases
(Callaert et al., 2006):
a. scientific knowledge, assessed through
citations included in the patent
documentation that are related to scientific
publications. We referred to these citations
as Non-Patent References, (NPRs);
b. technological knowledge, assessed
through citations included in the patent
documentation that are related to prior

patents. We referred to these citations as
Patent References, (PRs).
For each of these two knowledge bases, we
then computed a Shannon–Wiener diversity
index H’ (Magurran and McGill, 2011), by
accounting for the diversity of scientific
and/or technological sources. Specifically,
the diversity index measures how many
different technological areas and/or how
many different scientific fields have been
integrated together to give rise to a single
new patent. In so doing, we explored to what
extent science and technology contributed to
technology development, and to what extent
the diversity among firms’ patent portfolios
is explained by a different ability to combine
different scientific and technological
knowledge sources. Particularly relevant are
the cases in which patents cite both patent
and non-patent references, and the Shannon–
Wiener diversity index scores high for either
NPRs or PRs or both (H’≥3.5). According to
what was discussed in the previous section,
the underlying idea is that the higher the
diversity in recombining scientific and
technological bases (Fleming, 2001), the
higher the chances to come up with a patent

Figure 1: The Science and Technology matrix
Source: Author analysis
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which has impact (Gruber et al., 2013) and
which satisfies industry requirements. Such
patents represent examples of radical Deep
Innovations.

calculated at the level of their technological
subclasses. The mean value of H’PR is higher
than that H’NPR , signaling that technological
knowledge is more influent than scientific
knowledge when patenting in the nanotech
industry. However, few firms are able to
master very high values of diversity and
evenness.

We employed the Shannon–Wiener diversity
index H’ to compute NPRs and PRs diversity.
Its value falls between 1.5 and 3.5 and only
rarely surpasses 4.5 (Margalef, 1972). On the
NPR side, the H’NPR has been calculated by
allocating the knowledge sources following
the classification advanced by Callaert et al.
(2006). On the PRs side, the H’PR has been
Figure 2: Xerox›s Science & Technology matrix
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Figure 3: Semiconductor Energy Laboratory’s Science & Technology matrix
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3

As illustrative examples, consider the cases
of Xerox (Figure 2) and Semiconductor
Energy Laboratory (Figure 3). For both
companies, the majority of patents have
technological inspiration and no science
cited. Of the remaining ones, Xerox shows
the majority of NPRs and PRs pairs in the
technology-driven quadrant, seeing a

3. Results

Our analysis shows that, among sampled
companies, no company neglects the
importance of science and technology.
Rather, the interplay between scientific
and technological knowledge bases (NPRs
and PRs, respectively) plays a key role in
determining the innovativeness of firms and
the relevance of Graphene patents. To become
a top inventor within the field of Graphene
technologies, a company needs to become
ambidextrous in the sense that it has internal
capabilities to promote collaborative settings
even with distant partners producing science
(e.g. universities). Nevertheless, with a few
exceptions, our data shows that top Graphene
patenters tend to adopt a technology-driven
behavior, in the sense that PRs remain the
preferred source of knowledge among their
knowledge bases.

having a higher capability
to combine knowledge that
arises from diversified
sources represents a key
driver for the development
of Deep Innovation in the
Graphene field

To identify the emergence of common
patterns, we plotted sampled firms’ patent
portfolios on a Science & Technology (S&T)
matrix (Figure 1). The matrix can be divided
into four segments, according to the diversity
content of NPRs and PRs: i) high-intensity
S&T-driven patents, when the diversity
content on both NPRs and PRs is high; ii)
technology-driven, when the diversity of PRs
prevail; iii) science-driven, if NPRs diversity
prevails, and iv) low-intensity S&T-driven
patents, if companies confront with lowintensity of both scientific and technological
knowledge.

prevalence of PRs over the NPRs. However,
two clusters of patents emerge: a first one (on
the right), with a higher content of diversified
scientific knowledge bases, and a second
one (on the left), with a content of science
less diversified. By contrast, Semiconductor
Energy Laboratory tends to develop
patentable Graphene technologies by pushing
the scientific frontier more towards the highintensity S&T-driven patents. In fact, one
of the clusters goes beyond the middle line
of NPRs diversity (H’=2.5). Semiconductor

Figure 4: Comparison of ambidextrous vs. non-ambidextrous firms’ patent portfolios
Source: Author analysis
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Energy Laboratory also has a few patents
(plots at the bottom of Figure 3) in which
only science is cited, thus confirming how
scientific knowledge represents a relevant
source for this firm.

and possess a stronger ability to integrate
scientific knowledge with technological
knowledge. Their Graphene technologies
are thus the result of an ambidextrous
innovative capability.

In general terms, the same patterns that
have been identified in the cases of Xerox
and Semiconductors Energy Laboratory
characterize the patent portfolio of top
graphene-related patent holders. The
analysis of S&T matrixes thus reveals that:

Furthermore, relative to their counterparts,
these six ambidextrous firms either possess
a larger fraction of radical Graphene
patents, or possess a similar fraction of
radical Graphene patents that integrate
a larger amount of diversified scientific
knowledge sources. Hence, this evidence
seems to suggest that having a higher
capability to combine knowledge that arises
from diversified sources (both within and
between science and technology) represents
a key driver for the development of Deep
Innovation in the Graphene field.

a. A large fraction of patents of all firms does
not cite any NPR reference (H’NPR=0);
b. Only a very limited share of patents of a
few firms is based on scientific knowledge
only, without any reference to prior patents
(technological knowledge) (H’PR=0);
c. The vast majority of patents for all firms
fall in the ‘technology-driven’ quadrant
(H’PR>2.5 and H’NPR<2.5). Together with
the two observations above, this evidence
confirms that technological knowledge
represents the basic building block of
graphene technologies;
d. Finally, a limited set of companies (Samsung
Electronics, Nanotek Instruments, IBM,
Baker Hughes, Shenzhen Ocean’s King
Lighting Science & Technology, and
Semiconductor Energy Laboratory) possess
a fraction of graphene-related patents that
fall into the ‘high-intensity S&T-driven’
quadrant, thus revealing a remarkable
capability to master simultaneously both
scientific and technological diversified
knowledge sources.
The latter group of six firms tries to push
technology development activity towards
the ‘high-intensity S&T patents’ quadrant,
being able to develop deep graphene
innovations that make reference to highly
diverse scientific (NPRs) and technological
(PRs) knowledge bases. This result can also
be confirmed by comparing their patent
portfolios with those of the remaining
firms (Figure 4). It emerges that while the
distribution of the diversity index related
to patent references (H’PR – the lighter bars
in the figure) is similar in the two groups of
firms, the distribution of the diversity index
for non-patent references (H’NPR – the darker
bars in the figure) is much higher in the
case of these six firms. Hence, in developing
Graphene technologies, these six firms have
more diversified scientific knowledge bases,
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4. Discussion and conclusions

Top Graphene developers mainly exhibit two
patterns: 1) a first group of firms possesses
the ability to recombine and integrate
diversified knowledge sources arising from
both scientific and technological domains;
2) a second group of firms focuses more
on technological knowledge sources and
pays less attention to (but does not neglect)
scientific knowledge.
The two different patterns may have
consequences on a firm’s ability to profit
from innovative developments. In this sense,
ambidextrous organizations (that is, firms
belonging to the first group) may have better
chances to come out with Graphene-related
products based on the integration of several
knowledge sources, and to differentiate
them from competitors’ products. In fact,
Graphene-based products often result from
the combination of two or more materials
having different properties and physical
characteristics, whose combination can be
effectively managed by firms only if those
same firms have invested in the acquisition
of knowledge and competences related to
individual materials and in their effective
integration. Therefore, Graphene patents
that are characterized by a higher diversity
in (technological and scientific) knowledge
sources may proxy a higher firm’s ability
to develop downstream Graphene-related
products.

By contrast, Graphene top developers that
show a lower propensity to ambidexterity
might be more interested in playing a
different role. Provided that a consolidation
of the industry is expected in the near
future, having strongly invested in this new
technological domain and having obtained a
leadership position in terms of technological
development capabilities, these firms
may also play a key role in the subsequent
stages of industry evolution, irrespective of
their lower ability to develop radical Deep
Innovation.
By leveraging our understanding of the
Graphene technological field to the general
topic of Deep Innovations, our study also
offers suggestions on how firms should
behave to achieve a leadership position
in their development. The cases that we
analyzed clearly show that Deep Innovation
is quite often the result of a recombination
of diversified knowledge bases. Usually,
these knowledge bases reside within the
technological domain; that is, a domain
that has been traditionally operated and
organized by the firms themselves. However,
the development of Deep Innovation imposes
firms to overcome the cognitive boundaries
of the technological domain and to absorb
external scientific knowledge bases. To do
so, firms need to develop the capability to
navigate a domain that has been traditionally
far from their core competences, by
promoting collaborative agreements and by
investing in human resources that let them
close the gap between science and technology.
Those firms that are quicker and stronger in
developing such capabilities might benefit
from higher opportunities in downstream
application markets.
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Introduction

Contrary to the commonly held perception,
it is possible to make money in Water
technology ventures, but in order to do so
entrepreneurs and investors must have an
in-depth understanding of the market, the
technological challenges, the regulatory
landscape, and the investment horizons.
They must also set realistic expectations
regarding their potential returns.
In fact, a Lux Research report from
December 2013, which surveyed 150 large
companies comprising 23% of the US$620
billion Water industry, found an average
operating profit of 12.9%. The same report
shows that customer-facing sectors in public

it is possible to make money in
Water technology ventures
service and small consumer systems in
the Water industry achieve more than 14%
operating profit.
It is, indeed, possible to make money in Water
ventures, yet it is crucial to first understand
the challenges that this industry presents
to its stakeholders. This article will explore
these challenges and how they can be
addressed.
1. Water Venture Challenges

First and foremost, the Water industry is
challenged by a perception gap. Water is
perceived in general as a ‘gift of nature’ to
humankind; our intuition tells us that it
should be given for nearly free, in contrast,
for example, to the price of energy. Therefore,
the price of water for consumers does
not, in most countries around the world,
truly reflect the real cost of its production
and delivery. With water allocation often
determined by governments, rather than
the free market, water prices are kept below
the cost of service. The perception gap also
presents itself when comparing the price
of water with its usage levels, as often low
prices translate into higher consumption; it
seems that only the recent years’ drought,
experienced in different regions around
the world – and most notably in two of the
U.S.’s most populated states (California and
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Texas) – prompted regulators in the affected
regions to re-evaluate the price of water in an
attempt to drive down over-consumption and
change patterns of water usage. Even within
the Water sector, the much higher price paid
by end customers for sewage treatment, in

there is a relatively small
number of VCs investing in the
Water industry
comparison to water delivery, is a testament
to the underlying perception about the ‘right’
price of water, and further accentuates the
difficulty water utilities and related water
venture face when attempting to extract
revenue from investments in water delivery
advances.
The Water industry also presents significant
financial challenges. It is known to
require heavy capital investments – some
estimates suggest a US$3.5 investment on
every US$1 earned. Water ventures have
a slow maturity cycle, with an average of
8–10 years, demanding patience before a
substantial return on investment can be
realized. In addition, water infrastructure
demands relatively high fixed costs (capital
expenditure – CAPEX), which must be borne
by the utility/municipality rather than the
private, end consumer, e.g. investments
in the replacement of water pipes. This
is particularly the case in the increased
infrastructure needs of developing countries,
as well as more stringent regulations and
an aging water distribution system in the
U.S. and many countries in Europe. Such
heavy focus on CAPEX presents an obstacle
for new technologies, and creates a situation
where companies need continuous access to
external funding sources. As a result, finding
viable financing models that also ensure
attractive returns to investors is a prevailing
topic at many water technology conferences,
and one of the reasons that many venture
capital funds (VCs) are hesitant about
investing in this sector, hence the relatively
low number of VCs investing in this industry.
In many countries, the Water sector
is highly fragmented, with numerous
utilities providing services to customers.
For example, in the U.S., according to the
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Environmental Protection Agency (EPA),
there are over 50,000 water utilities, with
well over 80% of them serving fewer than
3,300 people each. Such fragmentation
makes the much-required consolidation
difficult to achieve, while it is precisely such
consolidation that may assist in alleviating
some of the above-mentioned financial
difficulties of the industry’s stakeholders.
This poses a significant barrier for Water
ventures whose direct customers are the
water utilities and municipal institutions
in introducing their innovation into the
market, since their customers often lack the
resources to incorporate new technologies.
The poor investment perception of the
Water industry may also be attributed
to other inherent challenges such as its
conservative nature. Many Water industry
clients are utilities and municipalities,
mainly known for their risk-averse nature
and tendency to minimize changes to
existing systems. Moreover, due to its direct
connection to public health, this industry
is heavily regulated, not only in terms of
stringent Health & Safety requirements,
but also in the sense that regulation often
drives the adoption of new technologies,
or lack thereof, perhaps more so than in
most other industries. Examples of such
regulatory hurdles are Non-Revenue Water
(the volume of distributed water that is ‘lost’
before it reaches the customer), maximum
pollutants concentration levels, and more.

would be different than those of water
from the Mediterranean Sea, which will
impact certain elements of the desalination
process. Another example is the different
wastewater treatment stages that are
required, depending on the contents of the
wastewater and its source. The differing
properties make the exploration and
development of technology difficult, and
sometimes impossible to duplicate from
one area to another. In addition, developing
new technologies in the Water industry
often require diversity in disciplines, such
as Engineering, Chemistry, Biology, and
Physics, and a confluence of skills in order
to achieve significant progress. This renders
the relevant technologies slower to develop,
requiring extended field-testing, and more
complex to introduce. An added difficulty to
the introduction of new technologies lies in
the fact that often the solution to one problem
opens a Pandora’s box of new problems that
were previously unknown or inexistent.
All of these challenges make the Water
industry uniquely complex and difficult for
investment and innovation in comparison to
many other sectors that are popular among
investors. They are also the reason why the
Water sector does not enjoy a large variety of
investors, especially angels or VCs who are
prepared to take on seed investments and
wait a lengthy period for their investments to
come to fruition.

regulation often drives the
adoption of new technologies
This regulatory barrier, together with the
requirement to comply with restrictive
tender rules in order to achieve sales, renders
both the sales and investment cycles long and
often cumbersome.
Yet it is not just the conservative nature of
the industry, or its regulation, that impedes
its attractiveness, for there are also notable
technological challenges. Unlike what it
may seem, not all water is ‘created equal’;
it differs in characteristics and behavior
between various regions, sources, and
usage patterns. For example, the salinity
levels of water from the Atlantic Ocean
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2. Industry Opportunities and
Investment Trends

years, from giants such as Cisco and IBM to
smaller startups who seek their share in the
opportunity for innovation.

Water ventures can be divided into a
number of general sub-sectors, including:
desalination, reuse, conservation, treatment,
and smart-water. As of the end of 2014,
around 1,200 different startups are globally
aiming at the Water industry, most of
which focus on Monitoring, Forecast, and
Control – namely Smart Water Networks
(25%), Treatment of Organics, Nutrients,
and Solids (24%), Removal/Recovery of
Metals or Organics (16%), Disinfection
(10%), Desalination (5%), and other areas
related to equipment, water treatment,
and more3. Looking at the current status of
the Water market, it is clear that there are
several areas of opportunity for investment
and development, which may handsomely
reward those who are willing to take on the
challenges.

The adoption of Smart Water Network
technologies varies by utilities, regions,
and countries, yet in some cases the
developed technology can be suitable for
diverse users. An example is Hydrospin
Monitoring Solutions. Incorporated as part
of the Hutchison Kinrot incubator in Israel,
Hydrospin has developed a unique hydropowered system utilizing its proprietary
micro-generator that produces energy from
the water flow inside distribution pipes –

One of the most promising sub-sectors in
the Water industry, currently comprising
a quarter of the startups in the industry,
is Smart Water Networks. Unlike other
industries, where data and monitoring
options are abundant, once a water pipe is
put in the ground very little information
about its condition, is currently accumulated
during its usage. Yet, the progress of Smart
City concepts and awareness, as well as the
rising cost of Non-Revenue Water, water
scarcity, and regulatory pressure, all drive
new opportunities in Smart Water Network
technologies. These opportunities include
focusing on ‘hot’ issues such as excessive
leakage, inaccurate billing, and network
inefficiency. Utilities around the world
can save billions of dollars each year by
implementing smart water solutions. While
Smart Water Networks is still a market
segment at a relatively nascent stage, it is
rapidly growing, with a compound annual
growth rate estimated to be 13.9%. Globally,
the market is expected to grow from an
estimated US$3.6 billion in 2013 to US$6.9
billion by 2018, with strong growth across
various geographical regions 4. Consequently,
technologies aimed at smart leakage
management, smart metering/consumer
services, and smart network optimization
are set to gain from this strong growth
trajectory. A wide variety of companies have
flocked around this market segment in recent
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One of the most promising subsectors in the Water industry
is Smart Water Networks
which then powers various water monitoring
devices, including data loggers and water
health sensors. Hydrospin’s innovation
allows utilities to power their Smart Water
Network with sustainable, renewable energy,
doing away with existing costly and/or
inefficient solutions, and enabling real-time
uninterrupted data flow from within the
water system. Its solution can be deployed
as part of an integrated monitoring and
data transmitting system, enabling reliable
real-time water monitoring through the
transmission of data such as water toxicity,
pH, chlorine, flow rate, and pressure. It is a
promising example for an investment in a
Smart Water Network solution that is simple,
‘green’, and accessible.
Another promising trend in the Water
industry can be found by looking at the
Water-Energy Nexus. As mentioned above,
water and energy are inseparable; water is
essential for the production, distribution,
and use of energy, whereas energy is crucial
for the extraction, delivery, and safety of
drinking water, particularly in a world
where most drinking water is produced by
way of desalination. An example of this close
connection is the use of water in oil drilling;
it requires three to six barrels of water to
produce one barrel of oil. Another example is
the fact that 49% of the estimated total water
withdrawals for all uses in the U.S. during
2005, and 45% during 2010, were dedicated to
thermoelectric power.

Choices that are made in one domain – either
Water or Energy – have direct and indirect
consequences on the other, positive or
negative. While one would expect this to
translate into the business aspects of these
two industries, this is not the case. Energy
is regarded as ‘big business’, drawing
significantly larger investments than the
Water sector. For example, during the years
2000-2013, total investments in Clean Energy
innovations reached US$139 billion and the
number of deals for global innovation in this
sector amounted to more than 10,000. Total
investments in Water innovations only came
up to US$8 billion and the number of deals
barely reached above 1,000 during the same
period.
This discrepancy, however, bears great
promise for investments in Water–Energy
sub-sectors, simply because of the fact
that the link to the highly-invested Energy
sector may benefit the investors in the
corresponding Water business, such as the
produced water treatment in the Oil & Gas
industry, where the potential clients are
accustomed and inclined to pay ‘big money’
in order to solve the challenges they face. The
limited water supply, and dwindling water
resources, require improved treatment and
higher reuse rates for water in the Oil & Gas
industry. In addition, increasingly stricter

Water-Energy nexus is one of
the most promising trends in
the water industry
regulation of wastewater streams treatment
leads to higher interest from VCs and
corporate players with deep pockets in new
technologies for extraction and wastewater
stream remediation. Moreover, Oil & Gas
players are generally faster in adopting
new technologies, compared to the pace of
adoption by municipal utilities. For example,
a recent estimate has put the hydraulic
fracking water treatment market at US$1.9
billion7, although the sharp drop in oil prices
may adversely affect the investment activity
by the Oil & Gas companies.

Case Study: SolEx Water
An example for the potential benefits that
can be harvested from innovation in the
Water–Energy domain is the technology
developed by SolEx Water. Based in Israel,
and supported by the Hutchison Kinrot
incubator, SolEx Water has developed a
technology for treating wastewater from
the Oil & Gas industry, focusing initially
on treatment of Oil & Gas wastewater
from fracking and Steam Assisted Gravity
Drainage (SAGD) operations. SolEx Water
minimizes wastewater disposal costs and
recovers a large portion of the water for
reuse, reducing treatment and management
costs drastically in comparison with
alternative technology. Solex Water
seeks to address both the economic and
environmental challenges faced by the
Oil & Gas industry, specifically related to
wastewater disposal and fresh water use.
In general, the wastewater management
segment presents opportunities for
additional small-scale players, who are
constantly seeking low-cost, low-energy, and
low-sludge solutions. It is a global segment,
encompassing both developed regions such
as the U.S., Europe, and Japan, and emerging
markets like Brazil and Eastern Asia.
Another area that is expected to resume its
growth, after a long period of downward
trend, is the desalination market. A
combination of factors, including drought
conditions and climate change in general,
increased demand caused by urbanization
and the industrial market, as well as
depleted groundwater resources, will
contribute to this trend. Startups focusing
on technological developments around
pretreatment, membranes efficiency, and
monitoring and control systems, to name
a few, should benefit from the demand for
technologies that can address the challenges
of this market. It is important to bear in
mind that this market, in particular, is
strongly impacted by some of the challenges
mentioned in the first part of this article,
namely financing – the construction of new
desalination plants is highly reliant on the
availability of public funds – and a favorable
regulatory environment.
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3. A Word of Advice

Ventures should consider several aspects
when seeking investment and preparing
towards the introduction of their innovation
to the Water market. The realities of the
Water business mean that entrepreneurs
must find investors who enable them not
only to overcome the Valley of Death and
put in the significant amounts required for
the long haul, but who also understand the
need to bring on a strategic partner from the
industry, which is typically imperative for
the venture to ‘break through’ to the market.
Due to the complexity of the Water sector,
companies must take into consideration
their clients’ need for a product/service

The use of government grants
and incentive plans... is
highly beneficial for starting
companies in this Water Field
combination. The adoption of new products
by utilities, municipalities, and corporate
clients would often require expert-guided,
site-specific integration with existing
processes. Such guidance can be a source
of income for the company, yet VCs who
support such companies may be less tolerant
of this business model, expecting more of
a ‘plug-and-play’ technology investment
that requires less investment in manpower.
Nonetheless, such recurring revenue models
would still be attractive to some VCs.
Correct market penetration strategies are
also crucial for the success of a company in
the Water business. It is always advisable to
start at the home market before going global;
given the technological complexities of water
technologies, particularly where there is a
confluence of scientific disciplines, as set
out above, testing a solution that is close to
the company in terms of geography, culture,
and mentality could allow it to make faster
technological adjustments, provide quicker
customer support, and generally facilitate its
future international market penetration.
The use of government grants and incentive
plans to overcome financial barriers is highly
beneficial for starting companies in this field.
One advantage is that these funding sources

68 Venture Findings #3 (2016) — Deep Innovation Issue

often have a stated agenda of promoting new
technologies and may later provide valuable
support in securing the required regulatory
approvals for the technology. Another
equally important benefit is that such grants,
which lower the client’s capital expenditure,
are attractive to budget-constrained clients,
and may facilitate their willingness to test,
and later adopt, the new technology. Among
these potential clients it is helpful to identify
the early adaptors, particularly among
utilities. Some of them would be more willing
to adopt new technologies as part of an
executive agenda supporting innovation and/
or greater client service awareness, which
new technologies can help promote.
When developing the new venture, it is
important to balance between focus on
technology versus a marketing focus. Trying
to get to the perfect, final product before
approaching the market may result in
complete exhaustion of all resources, leaving
none available to penetrate the market.
It may also lead to R&D efforts that are
disconnected from the clients’ needs. At the
same time, attempting to launch a product
prematurely could seriously backfire
once technological problems are first
encountered with a paying customer, leading
to significant delays, inability to deliver on
marketing promises, and serious reputation
damage.
Last but not least, it is recommended that
potential investors are engaged with the
venture early on; the investment cycle
may take a long time and it requires a
deep understanding of the market and the
technology, with insights about technological
challenges and market adoption gained and
refined over time. Therefore, it is beneficial to
make sure that investors are closely involved
with the company and its management team,
monitoring its progress and continuously
assessing its needs throughout its growth
cycle.

Notable Large M&A and IPO Activity of Water
Technology Companies in Recent Years
Table 1
Source: Author analysis

Year

Acquirer

Target

Area of Operation

Amount

2015

GE Power &
Water

IMT Solutions

manufacturer of ultra- and microfiltration
membranes

Undisclosed

2014

LG Chem

NanoH2O

Manufacturer of reverse-osmosis membranes for
the desalination industry

US$200m

2011

Ecolab

Nalco

Chemicals for water treatment, pollution control,
and energy efficiency

US$5.4b

2011

Pentair

Norit

Acquisition of the Clean Process Technologies
division – manufacturer of ultra-filtration/
membrane solutions

US$700m

2011

BASF

Inge Water
Technologies

Manufacturer of ultra-filtration membranes

Undisclosed

2011

Spin-out from
the ITT Group

Xylem

Transport, Treatment, Dewatering, Analytics, and
Applied Water Systems

US$700m

Conclusion

Investors in Water ventures come in
different forms: VCs, private equity funds,
strategic players, and utilities. For each,
investment is made as the result of different
considerations, including pure ROI, increase
of market share, regulatory demand,
operational needs, etc. All of the investors
share the understanding that it is not an area
where quick exits abound.
While the global Water technology corporate
and venture equity investment figures
have shown a continuous upward trend
from 2005 through 2013, both in terms of
deal numbers, rising from a total of 36 to
131, and deal volume, rising from US$156
million to US$585 million, that trend has
not continued in 2014, which saw a decrease
of around 40% in both deal numbers and
deal volume8. Whether this decrease will
continue throughout 2015 and signal a new
trend remains to be seen. However, global
demand for innovative water technologies
in a variety of areas continues to be strong,
notably in produced water treatment and
chemical recovery, particularly in Oil &
Gas but also in agriculture, in smart water
applications, membranes, and wastewater
treatment. In addition, it is worth noting

8
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that the percentage of deals with corporate
participation was at its highest in 2014,
which alludes to the water & wastewater
sector continuing to be a key focus area for
corporates.

FURTHER
READING

When looking at notable M&A activity in
recent years one can see a few companies
acquired for significant sums by large
corporates, presenting an average cycle of
10 years from incorporation to exit. The
acquisition route seems to be more common
in this industry, whereas IPO is a less
prevalent exit avenue.

Lux Research Inc.,
‘Making Money in the
Water Industry’. Excerpt
available at http://
www.luxresearchinc.
com/news-and-events/
press-releases/read/
new-and-profitableopportunities-remain600-billion-water

Water ventures offer exciting opportunities
to investors, due to the magnitude of the
challenges that the ventures seek to address
and the realization among decision makers
that Water is becoming part of the Smart City
and Internet realms, and that water scarcity
will continue to be one of the main issues
of the 21st century. This was highlighted
in the 2015 Global Risk Report of the World
Economic Forum, which stated that water
scarcity is the biggest economic and societal
risk for the next 10 years. Furthermore, the
Water industry is a truly global market,
presenting an ever-growing global demand
across all sectors – Industrials, Energy,
Irrigation, and Municipal – as well as
increasing levels of innovation, as seen in
the growing number of startups and patents.
Perhaps overcoming its past perception of not
being a favored area for investment, Water
is on its way to becoming one of the main
focus areas of corporate investors in the
Clean-Tech space, offering a clear promise for
meaningful and profitable investments.

Global Water
Intelligence, ‘What are
the real economics of
smart water networks?’
(2013) – https://www.
globalwaterintel.com/
insight/what-are-realeconomics-smart-waternetworks
Cleantech Group ‘i3
Quarterly Innovation
Monitor – Water &
Wastewater’, Q4 2014.
Report available at
http://www.cleantech.
com/reports/

To access this article and
further resources please
follow the QR Code
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Introduction: The evolving
concept of food technology

The Western industrialized food system that
we know today is a recent phenomenon. For
example, in the early 1900s, the majority
of the U.S. population lived in rural
communities and food manufacturing
was relatively local and small scale. With
the rise of industrialization, more people
moved to jobs in factories and offices and the
beginning of migration began from rural
to urban agglomerations. As a result, fewer
workers were dedicated to the production of
the key inputs in the food industry (such as

The Green Revolution, started
in the 1940s, is the last
breakthrough improvement in
the food industry
grain and cereals) and there was a pressing
need to produce more food at an affordable
price to feed a population that had less
time and more disposable income. Food
technology was largely applied to increasing
productivity of the existing assets (e.g. a
field or a farm) and led to the introduction of
fertilizers and pesticides and the beginning
of concentrated farming operations.
The next wave of food innovation happened
from 1940 through to the 1960s, during
the so-called Green Revolution. The
imperative in food production became the
standardization of output. The objective
was to increase availability and reduce
variability in the quality of the output. Food
production and processing became more
specialized as agriculture became separated
from livestock and genetic selection gave
birth to the intensive animal farming
industry. Work became more routine
through the consolidation of companies and
introduction of standard manufacturing
processes. At the same time, outputs became
simpler (e.g. standardized packaging and
formats and distribution via organized
retail chains) and chemicals started to be
used on a vast scale to increase productivity
(e.g. increased use of hormones and growth
accelerators for animals and use of chemical
fertilizers and pesticides in agriculture).
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Over the past decades, food technology has
enabled the creation of a food ecosystem
in the developed world where food is
available for all consumers, at a minimal
amount of labor and often at low prices. The
availability of inexpensive food has led to
over-nourishment, which, in turn, has put
considerable stress on national healthcare
systems. According to the U.S. Department of
Agriculture, Americans currently consume
an estimated average of more than 2,500
calories per person per day, which is above
the average recommended daily calorie
intake (women’s recommended intake is
2,000, men’s is 2,500).
This development has come with significant
hidden costs to human health, social equity,
animal welfare, and the environment. For
example, under-nourishment and overnourishment, antibiotic resistance due to
indiscriminate use of antibiotics in animals,
and the disproportionate amount of water

food technology is enabling
the creation of a new food
ecosystem in the developed
world
used for meat production, now threaten
to eliminate many of the yield increases
brought about by the Green Revolution.
This article argues that the next food
technology evolution is shaping up to be
one where the imperative is to manufacture
better food for more people, instead of just
producing more food. What’s enabling this
transition is a number of ‘ingredients’ that
are converging today in a mature proposition
that is enabling Deep Innovation.
Some companies are defying conventional
wisdom by striving for affordable food for
the entire population.
We are now witnessing the birth of a group
of companies that is re-inventing the way
we think about food. A group of startups is
applying learnings from biotechnology and
medical science, data and food science, to
manufacture food products for consumers
or as inputs for other manufacturers. Their
products are set to displace entire categories
of food as we know them today. These
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companies are set on a journey to replicate
the sensory experience of food as we know it,
at an affordable price.
In summary, we are witnessing the
convergence of technology, evolving
consumer needs, and manufacturer and
retailer attempts to meet those needs. This
convergence is happening now and is set to
reshape one of the World’s biggest industries:
Food.

Case studies
Impossible Foods

Pat Brown set up Impossible Foods in 2011 in
Redwood City, California, with the objective
to manufacture the best meat-less burger
patty. Pat, a Stanford research veteran,
claims to have found a way to make a veggiebased burger taste like meat by adding a
ferrous, blood-like solution which is found in
the root of some plants. Pat’s argument is that
animal farming is a primitive technology for
producing food, which hasn’t fundamentally
improved in thousands of years. The cow
is an outdated and inefficient technology to
transform plant products into meat protein.
Impossible Foods is going to replace the cow
with better technology that does not generate
the negative externalities of a cow (water,
pollution, and land intensive).
Hampton Creek

Hampton Creek, a food technology company
headquartered in San Francisco, markets Just
Mayo and other products in supermarkets
and canteens across the U.S. Just Mayo is
an eggless mayonnaise which replaces egg
with a pea protein that binds water and oil
to make mayo just like that made with hen’s
eggs. The company also markets Just Cookies
and is working on a portfolio of products
aimed to be delicious, healthy, affordable,
and more sustainable. A predictive algorithm
maps the large universe of plant species
across a number of features, such as taste,
color, and binding properties, which are then
mapped in turn onto databases of traditional
food products, finding possible replacement
matches. This year’s avian flu pandemic in
the U.S., and consequent hike in the price
of eggs (80% increase between January and
June 2015), resulted in a spike in demand
for Hampton Creek’s products, both as
ingredients and final consumer products.

The trends behind the labels

The proliferation of ‘something-free’ labeling
over the past few years (e.g. gluten-free, soyfree, cholesterol-free, GMO-free) is testament
to the trend that consumers are looking
for better (and safer in emerging markets)
food options. New research from Mintel
reveals that 84% of American consumers
buy free-from foods because they are
seeking out more natural or less processed
foods. According to the Organic Trade
Association, sales of organic food grew to
US$36 billion in the U.S. alone in the last year,
which represents an increase of 11% from
2013–2014. Food safety issues, such as ‘mad
cow disease’ and foot and mouth disease
for cattle, avian influenza pandemics,
and tainted milk scandals are reinforcing
consumers’ desire for better food products.
Retailers amplify this consumer trend
by giving more space on their shelves to
products that consumers perceive as better
for them. Some retailers are also launching
their own white label products and for the
first time consumers can find the products
they want in their local supermarkets,
without having to go to natural shops.
Large food conglomerates (such as Nestle
and General Mills) are adapting to the
changing consumer demands, albeit slowly.
It is estimated that for the past two years
(2013–2014), the annual volume of packaged
processed food sold by ‘Big Food’ has
declined by 1% annually in favor of brands
offering fresh and organic alternatives.
The historical DNA of large food companies

The historical DNA of
large food companies is to
manufacture products that
are... addictive
is to manufacture products that are high
in sodium, sugar, and fat, and hence, are
addictive. A change of focus in favor of
healthier food means reformulating recipes,
which in turn could mean higher cost and,
therefore, higher price for consumers.
Large food conglomerates are reacting by
developing better food products and creating
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alternative brands, but they could decide
to grow their offering inorganically by
acquiring some of the more nimble startups.
The four levels of food tech innovation are
the key enabler for a transition to better AND
cheaper food.
Four levels of food tech innovation

Technological innovation in the food
industry is taking place at four levels:
1. Some companies are working on lowering
the unit economics of their final product by
virtue of improving and scaling relatively
well-known food manufacturing processes.
For example, extracting protein from plants
to create a meat-like product in terms of
texture, a process called extrusion, is widely
known by researchers and has already
been applied to food products such as baby
formula. Beyond Meat, a Los Angeles-based
producer of plant-based meat substitutes,
and the University of Missouri, have made
improvements on the basic extraction
process by making it more efficient and
scalable. By doing so, they are in the market
with a chicken product that is surprisingly
close to ‘real’ chicken in terms of texture and
that is selling at a comparable price.
2. Innovations in the business model are
taking place as a consequence of increased
efficiencies or lower costs in the key
inputs. For example, we are witnessing
the emergence of a number of companies
in the space of indoor vertical farming,
using continuous LED lights to grow lettuce
and other vegetables in large warehouses
on the outskirts of cities, 24 hours a day.
By doing so, they ensure freshness of the
product and considerable savings in water
and other chemicals, as well as logistics
and transportation costs. A catalyst for
innovation has been the lower cost of some
of the elements of physical infrastructure
required for new business models to emerge.
In the case of vertical farming, the decrease
in cost of LED lights has been critical, and
LED lamp US$ per kilo lumen pricing is
expected to decrease by roughly 55% by
2017, relative to current pricing.
3. Data science and computational power is
facilitating an unprecedented understanding
of the natural environment and the
properties of plants. Hampton Creek (see
case study, previous page) applies deep
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machine learning to a large dataset on
biological and physical features of 190,000
plant species. By doing so, it can identify
ingredients that can be replaced with more
efficient, sustainable, and cheaper plant
products, such as the egg replacement in Just
Mayo (48% cheaper than hen’s egg).
4. Finally, researchers are applying
biotechnological science to the food
industry for the first time in history to grow
tissue (e.g. meat) or non-tissue (e.g. milk)
products in a lab, instead of a farm. In the
Netherlands, Dr. Mark Post, at the University
of Maastricht, is working on in-vitro meat
(see box, right). Dr. Amit Gefen, at Tel Aviv
University, is working on finalizing the
recipe for developing tissue-engineered
chicken breast (see box, right).

Case Study: Two
approaches to
alternative meat
A lab-grown alternative to meat
At the University of Maastricht, Dr. Mark
Post and his team are working on replicating
exactly the same muscle tissue as those in
a cow by growing stem cells in a controlled
and structured environment in a lab. The
ultimate objective is to create a tissue that is
indistinguishable from real meat in terms
of color, taste, palatability, and biochemical
composition. Dr. Post’s conviction is that
people simply want to consume meat. This
conviction is validated by the small size of
the meat alternatives industry relative to
the ‘real’ meat industry. Market research
firm Mintel estimates that sales of meat
alternatives in the United States hit US$553
million in 2012; Markets and Markets, also a
market research company, estimates that the
market is projected to reach US$5.17 billion
globally by 2020. Despite the relatively fast
projected growth, the meat replacement
industry is still negligible in size compared
to the US$95 billion beef industry in 2014 in
the U.S. alone, according to USDA statistics.
Dr. Post and his team are currently
working on improving a prototype that was
presented in London in August 2013. The
key challenge they face is to lower the unit
economics to make the price of the final

In summary, the four levels of innovation
in the food industry are allowing emerging
companies to manufacture food products
that meet one or multiple objectives:
• Provide a relatively close, identical,
or improved sensory experience to
consumers compared to the product they
replace
• Reduce cost of production at scale and
therefore offer more affordable products
to consumers
• Reduce exposure to price volatility and
seasonality of production inputs (e.g. eggs)
• Increase freshness and decrease logistical
costs (and related negative consequences of
the environment) by manufacturing closer
to market

product comparable to ‘real’ meat. At the
commercialization stage, expected to be at
least five years away, the team will have to
focus on how to effectively communicate the
benefits of a new product to consumers, who
may be skeptical at first.
A recipe for tissue-engineered
chicken breast
At the beginning of 2015, Dr. Amit Gefen
received a seed US$25,000 grant from The
Modern Agriculture Foundation of Israel
to develop a recipe for tissue-engineered
chicken breast. The ultimate goal of the first
phase of this research program is to develop
a roadmap for a new manufacturing process
that is resource-efficient, sustainable,
scalable, and ultimately leads to the creation
a product indistinguishable from chicken
breast. From a technological standpoint this
means being able to select and grow cells
that can divide and form muscle fibers and
differentiate into functional skeletal muscle
tissue. The time to market is long – best
estimate is between five and 10 years – but
Dr. Gefen is working on planting the seeds of
a potentially disruptive technology, which
could fundamentally displace the global
chicken industry.

• Control for food safety and, in some cases,
reduce impact of some food products on
human health (e.g. reduce animal derived
antibiotics resistance in humans)
• Provide healthier options by reducing the
fat and saturated fats/cholesterol content
• Manufacture more sustainable food
products for the environment by making
better use of our planet’s scarce resources
(i.e. saving water and making better use of
land)
• Improve animal welfare, when an animal
product is being replaced.

The following infographic maps some of
the companies in this space according to
stage in the food production value chain
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– i.e. primary production of inputs: raw
materials and ingredients; Transformation:
manufacturing and supply; Product and
packaging, and Consumption.
Table 1: Innovations in food tech
Source: Author analysis

Phase

Primary production
of inputs: raw
materials and
ingredients

Transformation:
manufacturing and
supply

Product and
packaging

Examples of solutions

Companies / innovations

Vertical farming

Agricel, AeroFarms, Growing
Underground

Sustainable algae-based ingredients
Living tissue-based animal products

Beyond Meat, Impossible Foods
Dr. Mark Post – University of Maastricht
Dr. Amit Gefen – TAU

Non tissue-based animal products

Muufri
Clara Foods
Hampton Creek

Food safety and traceability

Eindhoven University of Technology
Project Cosmic

Food recycling and waste reduction

Consumption

Heliae, Qualitas Health, Simris

California Safe Soil

Food replacement / taste

Rosa Labs (Soylent)
Exo

Sustainable consumer products

Back to the Roots

Key challenges for new ventures

A startup in the food industry may encounter
a number of challenges in conceiving,
manufacturing, and marketing innovative
food products at scale. The next section
outlines some of the emerging solutions to
these challenges:
Manufacturing capabilities and
consistency of output with small volumes
– early-stage food businesses often don’t
have the means to build a fully integrated
manufacturing facility. Therefore, they use
contract manufactures for supply of the
ingredients and keep final assembly inhouse. As a consequence, they have limited
bargaining power, may struggle to protect
their intellectual property, and could suffer
retaliations from large food conglomerates
using the same contract manufacturers.
Getting the economics to stack up – large
food conglomerates achieve affordability
through scale, which early-stage companies
don’t have.
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Value proposition and target market –
attracting the right customers, at the right
price, and through the right channels, is a
hard equilibrium to achieve.
Route to market and commercialization –
the food industry is heavily intermediated
from farm to fork and achieving visibility on
a supermarket shelf with a new category of
product can be challenging.
Controlling the sensory experience
for consumers – when marketing a food
product, it is critical to ensure consistency on
the table and cooking experience. Given the
different manufacturing process for these
innovative products compared to commonly
available options, consumers may be
transient and not repeat purchase due to a
negative sensory experience.
Regulation – misleading labeling is a
target for policymakers and food regularity
authorities. For example, on 12 August 2015,
the U.S. Food and Drug Administration
(FDA) issued a warning letter to Hampton
Creek, stating that Just Mayo and Just Mayo
Sriracha contain ingredients that ‘are not
permitted by the standard of identity for
mayonnaise, such as modified food starch’.
Their concern is that the product could be
potentially misleading for customers and
therefore advised that it could not be called
mayonnaise.
Opposition from powerful industry
lobbies – large food conglomerates are
unlikely to sit on the sidelines and observe
developments that are likely to disrupt

A startup in the food industry
may encounter a number of
challenges
their core markets. On 2 September 2015, a
series of emails obtained under the Freedom
of Information Act was published by the
press. The correspondence revealed that
the American Egg Board (AEB) lobbied for a
concerted attack on Hampton Creek, together
with a U.S. Department of Agriculture official
and egg industry executives. Amongst other
things, the AEB attempted to have Just Mayo
blocked from being sold through Whole
Foods Market stores.
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Talent – innovators and researchers
are rarely attracted to the field due to a
combination of lack of an ecosystem for
knowledge sharing and access to capital.
Emerging solutions

Food innovation and commercialization
is a relatively new field and elements of
a consolidated solution to all challenges
discussed here are only starting to emerge.
Companies and investors are experimenting
and a systemic solution is starting to take
shape. Outlined below are some examples of
emerging solutions to the challenges:
Manufacturing capabilities and consistency
of output – keep it simple, do not reinvent
the wheel on machinery, manufacturing
processes, and other non-functional
ingredients. The University of Missouri
has made improvements to well-known
extrusion techniques, which Beyond Meat is
using to manufacture chicken-like strips and
ground beef. The extrusion process has been
known for many decades and consists of a

a systemic solution is starting
to take shape
vegetable protein mixed with water, heat,
and pressure to form a textured product.
Getting the economics to stack up –
technology and the often-lower cost of inputs
(i.e. chickpea vs. a chicken for Just Mayo) can
make the unit economics more favorable but
the real cost benefit comes from building
scale quickly. Agile product development and
short cycles from lab to shelf can help build
scale across a portfolio of products.
Value proposition and target market – keep
the value proposition as wide-reaching as
possible in order to enlarge the addressable
market and avoid misperceptions of
the value for consumers. Most of these
innovative companies are targeting the
mainstream consumer market, not the
vegetarian / vegan / meat replacement
niche, which only represents 3% to 5% of
the population in industrialized nations.
Hampton Creek banned the V-word
(vegetarian / vegan) internally in all external
communications, in order to expand the
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target market for their eggless mayonnaise.
Beyond Meat has adopted an innovative
approach to marketing one of its products:
the Beast Burger. The Beast is a meat-less
burger patty packed with protein and other
nutrient such as antioxidants, iron, calcium,
vitamins B6, B12, D, potassium, and DHA
and ALA omega-3s. This is effectively a

the food industry is ready for
disruption
new category of ‘super food’. Between the
two approaches, the former is more likely
to resonate with consumers’ preferences
today, while the latter may trigger some
latent preferences and needs for a subset of
consumers (athletes or sporty people in the
case of the Beast Burger).
Route to market and commercialization –
shelf space in supermarkets is hard to win
and the ultimate performance indicator for
retailers is the sell-through rate. Making
it easy for retailers to place a new product
in the right aisle, and the right shelf, is
critical to ensure visibility (for example,
Just Mayo is displayed next to traditional,
egg-based mayo in supermarkets, which
makes it an easier switch for consumers). On
the contrary, being relegated to the meatreplacement, vegetarian / vegan section in
the supermarket can have a major impact
on brand perceptions and therefore sales.
Another route to market is to develop
relationships with the food catering industry.
Controlling the sensory experience
for consumers – in order to refine the
product and appropriately meet consumer
expectations, it is important to be closer
to consumers and constantly monitor
their feedback. Social networks are a key
enabler in that sense. Beyond Meat and
Hampton Creek engage with their consumers
and attract new trials of their products
via Twitter, Instagram, and other social
networks. Beyond Meat posts recipes using
its products to its Twitter community.
Regulation and opposition from powerful
industry lobbies – hire talent and enlarge the
political debate around food. Hampton Creek
recently announced that Kathleen Sebelius,
former Kansas governor and five-year
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Health and Human Services Secretary under
President Obama, became an adviser to the
company. The announcement comes at a
time when Hampton Creek became involved
in more than just food innovation and
manufacturing, but in trying to change food
policy as well. The company has also recently
hired lobbying group Heather Podesta +
Partners on Capitol Hill.
Talent – making the discipline attractive
to researchers by enabling larger grants
and a collaborative talent pool. NGOs like
New Harvest are solely dedicated to kickstarting an industry of meat-less products
by developing and supporting talent and
enabling access to larger grants.
Conclusion

This article explored an emerging wave of
Deep Innovation that is starting to impact
the food industry. The main argument is
that the food industry is ready for disruption
thanks to the convergence of some of the
key ingredients for innovation: mature
technologies, consumer demand, and a
vacuum left by the incumbents, filled by
visionary entrepreneurs. Over the next
decade, we may witness a drastic change in
our diets and eating habits – and the timing
for change seems right. When is the last time
you tried something new for dinner?
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Introduction

As the Earth’s population grows and its
climate changes, new solutions will be
needed for sustainable development.
Increased average temperatures and
more extreme temperatures will affect
precipitation patterns, as well as the rates at
which water evaporates from soil and passes
through plants. Feeding more people on a
tighter water regime will require the wisest
possible use of our freshwater resources.
Efficient irrigation addresses the
fundamental issues that emerge from
population growth: climate changes and
land erosion. As the international leader

new solutions will be needed
for sustainable development
in the irrigation industry, Netafim is at the
forefront of efforts to develop and expand
the use of efficient irrigation technologies
and practices. Its story covers 50 years
of innovation in agricultural irrigation,
continuously expanding and improving
a full range of the world’s most efficient
smart drip and micro-irrigation offerings.
Through recognition of the evolving needs of
a diverse and dynamic global customer base,
the company is able to provide reliable and
creative irrigation solutions.
This article will focus on Netafim as an
example of a company with a successful
program of Deep Innovation and a proven
track record of developing, commercializing,
and profiting from innovative technologies
that meet the needs of varied and expanding
markets.
Corporate profile

Netafim was founded in 1965. At that time,
the Israeli engineer and inventor Simcha
Blass had the idea of drip irrigation and
was looking for someone to implement it.
To that end, he partnered with Kibbutz
Hatzerim and Netafim was born. The first
commercialized dripper anywhere in the
world was brought to market by Netafim in
1966. In the company’s early years, it was
focused on the domestic Israeli market. This

remained the case until the early 1970s, when
Netafim started to test the global market by
exporting through local representatives in
the U.S., South Africa, Australia, and Europe.
The first foreign subsidiary was set up in
California in 1981. For many years, there
were three Netafim companies with shared
marketing: Netafim Hatzerim, Netafim
Magal, and Netafim Yiftach. These companies
merged completely in 1999.
In 2011, 60% of Netafim was acquired by
Permira, a global investment firm. In this
acquisition, Permira bought out Kibbutz
Yiftach and also bought up part of the stake
held by Kibbutz Magal. Netafim remains a
privately held company.
Today Netafim is the leading irrigation
company in the world. Its products
include a variety of drippers, dripper
lines, pipes, sprinklers, micro-sprinklers,
filters, and valves for use in agricultural
irrigation systems. Netafim also offers
Crop Management Technology, which is a
computerized platform that helps growers
design, optimize, and operate their irrigation
systems.
Netafim is also a world leader in Fertigation,
a practice of delivering nutrients to plants
via irrigation systems. This allows optimal
use of fertilizer by the crop, enhancing
crop yields while reducing the amount of
fertilizer that needs to be applied – which
helps to control direct fertilizer costs and
problematic fertilizer runoff. In addition, the
Netafim systems can deliver crop protection
material directly to the root zone, therefore
assisting in controlling weeds, insects, and
diseases. It sells a full array of injectors and
other fertigation equipment.
Netafim has a very high level of brand
recognition. It is a market leader with more
than 30% of the international drip and
micro-irrigation market.
The drip irrigation revolution begun by
Netafim is still in progress and a significant
proportion of the assets of this privately held
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company are invested in R&D. Currently,
the company has two main R&D streams: 1)
addressing new needs in existing markets
and 2) expanding into new markets. New
needs in existing markets include, among
others, the development of appropriate
responses to declining water quality and
to climate change. New markets include
new crops, new segments of users, and new
geographic regions.
As drip systems are now quite widely used in
industrialized vegetable production, and in
industrial orchards, Netafim is interested in
expanding its presence in field (commodity)
crops. For a system to be an attractive
option for use in a commodity crop, it
needs to be simple to use and maintain,
extremely reliable, and cheap enough to be
Figure 1: Timeline of Netafim’s dripper technology
Source: Netafim
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economically feasible, without compromising
quality.
Over time, the company’s focus has spread
from the developed world to the developing
world. Drip irrigation is particularly useful
in salty soils. This is very important for
efforts to grow crops in arid regions with
salty soils, such as are found in China
and Peru. This makes Netafim a natural
partner for efforts to more intensively farm
land of marginal quality, especially in the
developing world.
Sustainable productivity is the most
important issue for Netafim when it
comes to these types of issues. Sustainable
productivity, along with water conservation,
energy conservation, and climate issues,
are important parts of its reputation. In

2008, Netafim joined the United Nations
CEO Water Mandate. Netafim was named
the 2013 Stockholm Industry Water Award
(the most distinguished global award in the
world of Water) Laureate in recognition of
its contribution to the field of sustainable

“grow more with less”
water management. “Netafim’s remarkable
achievements, helping farmers across the
world to ‘grow more with less’, are directly
contributing to a more water and food secure
world,” said the Stockholm Industry Water
Award Committee in its citation.
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The Kibbutz
Netafim was founded at Kibbutz Hatzerim,
and was certainly influenced by this
unique form of community. A Kibbutz is a
collective community owned by its members.
Although many Kibbutzim renounced this
model in the 1990s, to this day Hatzerim
retains the original socialist form, dating
back to the early 20th century, where all
property is communal and all members
fill work roles assigned by the community.
Like many Kibbutzim, Hatzerim started
as an agricultural community and later
diversified into industry – in its case by the
establishment of Netafim, one of the most
successful such transitions in Israel.

Implementing new solutions
and the R&D process
Meeting the Challenge of Implementation
The success of modern agricultural projects
in producing high yields while maintaining
sustainability and efficiency depends
not only on the technology that is being
implemented, but also on the knowledge,
expertise, and experience of those
implementing it. Proper implementation of a
new irrigation product includes making sure
that the product is suitable for the specific

there is no single solution for
every need
type of water, climate, and soil of a particular
area, making sure that the rates at which
water and nutrients are to be delivered have
been properly calculated, and ensuring that
the field has been properly prepared.
For over four decades and across 110
countries, Netafim has developed
unparalleled knowledge and sets of best
practices for the implementation of advanced
irrigation technologies for a wide variety
of crops. The company has experience with
almost every type of climate, soil, landscape,
water source, crop, and growing system.
If there is one thing that is always certain
in agriculture, it is that there is no single
solution for every need. Knowing how to
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apply the best solution for a particular crop
under local conditions is a key factor in
Netafim’s competitive advantage and has
played a pivotal role in its success.
Netafim offers comprehensive customer
support, closely accompanying projects
throughout their lifecycle. To that end, it
offers a wide variety of services provided
by professionally certified agronomists,

people at Netafim understood
the need for more efficient
irrigation before the rest of
the world
engineers, and irrigation system technicians.
This unique combination of advanced
agronomics and superb engineering is
essential to the success of an irrigation
project.
The Development Process
The development process involves a great
deal of trials and tests. New products are
evaluated in extensive field trials using
different types of water. It usually takes
about three years to bring a new product to
market from the initial development stage.
However, for particularly complex products,
this process can take up to five years.
Once the project is ready, Netafim needs to
demonstrate its value to potential customers.

trend that repeats itself in different countries
and different crops: farmers are initially
hesitant to adopt a new technology and
sales/adoption proceed slowly, but fairly
steadily as they observe how and how well
the product actually performs under local
conditions. After a given amount of time,
there is a tipping point, after which adoption
increases fairly rapidly. The period of time
preceding that tipping point varies between
crops and regions. In markets in which many
small growers produce crops on contract
for processors (e.g. processing tomatoes in
California), once the processor has decided
that the technology is worthwhile, sales and
use among contracted growers generally
increase dramatically.
Secrets of Netafim’s success

So, why has Netafim been so successful? The
company’s initial success can be attributed
to the fact that the people at Netafim
understood the need for more efficient
irrigation before the rest of the world. In that
respect, the local situation was ahead of its
time. The company’s continued success is
due to its innovative technology, deep and
broad market access, global partnerships and
collaborations, and dedicated professional
personnel.

In order to succeed in a business based on
Deep Innovation, with the relatively long
R&D/commercialization cycle entailed, a
company needs to understand both current
and future demand trends. One of Netafim’s
competitive advantages is its extensive
market access, which allows it to conduct
excellent market surveys. The company’s
long-term planning is based on the results
of these surveys, as well as more out-of-thebox thinking: what are customers actively
looking for and what do they not even realize
they need?
One of the greatest challenges in the
commercialization of new irrigation
technologies is the risk-averse nature of
farmers. Throughout the world, farmers tend
to be quite conservative when it comes to
new technologies and products. Over time,
the Netafim team has noticed a particular
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Innovation
Netafim is known for high-quality
innovation. Examples include its pressurecompensated drippers and low-flow drippers.
Netafim is currently the only company
offering low-flow drippers. These drippers
provide a flow rate of 0.5 to 0.6 liters per
hour, without clogging (Figure 2). The use
of low-flow drippers allows the use of less
pressure (i.e. less energy) and less water. The
company’s advantage in terms of dripper
technology is strong enough to give it a good
position in the market, even after individual
patents expire, and allows Netafim to charge
an investor-creator premium.

to revolutionize agriculture with smart
irrigation solutions. Those dedicated and
professional teams are the ones who are
facing the end-users with great conviction
and unparalleled service.
Partnering for success
Netafim also engages in joint efforts with
organizations such as USAID, World Bank,
and other international institutions. These
efforts are focused on demonstrating Netafim
products to growers in developing markets.
In one project, carried out in partnership
with the government of Brazil, irrigation
kits were distributed to smallholder farm
families (i.e. families that farm 0.1–2

Figure 2: A DripNet PC™ integral dripper. The complex structure prevents clogging
Source: Netafim

As a manufacturer of both products and
services, the company provides a great
deal of technical support to individual
customers – company representatives
throughout the world are in direct contact
with them. Netafim does a great deal of
marketing to end-users, presenting solutions
to optimize water use. The company sponsors
conferences and grower meetings and often
partners with governments.
Market access
Netafim is selling in more than 110 countries,
with fully-fledged subsidiaries around
the world. This global presence allows
the company to support its customers on
the ground in a rapid manner, as well
as understanding their needs and the
complexity of their environment.
Dedicated and professional employees
A large portion of Netafim’s success can be
attributed to the passion and dedication of
its staff. Employees identify with the goal of
‘growing more with less’ and share a desire
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hectares). This kit included everything that
family would need to set up a drip-irrigation
system on their farm.
Looking forward

We expect to see steady growth in the
demand for food and water, with a less
supporting environment. The world will
face the need to produce more food with
less arable land, water, and energy, while
facing extreme climate changes, such as
drought. This will lead to higher awareness
of the limited availability of fresh water and,
therefore, will increase the demand for more
efficient irrigation technologies.
Demand for irrigation products and services
is determined by local conditions, such as
water quality, water availability, climate,
and the profitability of local farming
operations. Netafim sees the highest levels
of demand for new irrigation technologies
when farm income is either very low or
very high. If it is low, growers are concerned

enough to take risks; if it is very high, they
feel secure enough to gamble on a new
product. Growers who are fairly comfortable
with their profit levels are the least likely to
adopt new irrigation technologies.
Netafim is working on making the systems
more resilient, so they can be used to meet
needs in different fields with different
conditions, with less technical support
needed. The company is dedicated to
providing products that are tough enough
to last and continue to function properly
even after years of exposure to sunlight. Its
drippers can function with harsh water:

Always growing, Netafim integrates downto-earth rural values with cutting-edge
agricultural, technological, and business
expertise to maintain its global leadership
in drip irrigation. It is proud to offer the
best irrigation products and the best overall
irrigation programs, to help farmers grow
more with less.

Netafim is constantly working with customers to deliver
products that are as user-friendly as possible
recycled wastewater, brackish water, and
more. Netafim is constantly working with
customers to deliver products that are as
user-friendly as possible and which provide
optimal performance under a wide variety of
environmental conditions.
Currently, there is a lot of investment in
precision irrigation. Precision-irrigation
systems are designed to help farmers
time their irrigation activities to the
actual needs of their crops, to get the most
out of each liter of water and any other
agricultural input such as fertilizers and
crop protection. Precision-irrigation systems
rely upon automated irrigation, based on
Crop Management Technology (CMT). CMT
systems include sensors (input), a system
to compile and analyze the sensor data and
control irrigation (the computer brain), and
the piping nutrient application. As precision
irrigation becomes increasingly popular,
Netafim is well positioned to be the firm that
integrates automation with a delivery system.
Netafim develops a fully automated solution
that delivers to the farmers the best of all
worlds, a variety of existing sensors (in-field
and out-field), irrigation recommendations
based on years of experience, and the best
delivery system in the industry. Netafim
provides the hydraulic infrastructure
necessary to allow these computerized
systems to most efficiently deliver the water
and the value that they promise.
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Deep Innovation lessons
Nathan Zeldes

What does Netafim’s success story tell us
about Deep Innovation? Here are some
thoughts to consider:
1. Bet on new technology. The people who
established Netafim were farmers, who were
irrigating the way ‘everybody always does
it’. Yet they took a radical new invention that
was proposed to them and dared to take this
completely different method that no one had
heard of – and bet their company on it. It
was a risk, but it paid off in a big way.
2. A Kibbutz has advantages. As a Kibbutz
(see box on page 88), Hatzerim had the
advantages of owning land it could assign to
industry facilities, having a ready workforce
it could reassign to Netafim, and having
other income sources – from agriculture
– that gave it the long-term resilience so
necessary for Deep Innovation. In fact, there
are other Kibbutzim in Israel that made
similar bets on new directions.
3. Work with your target customers. Any
innovative technology needs to break the
barriers of ‘the way things are done’ to
convince customers to adopt novel methods
and products. Netafim faced a particularly
conservative client base, but worked closely
with farmers and farmer cooperatives,
assigning experts to collaborate with them
and optimize its solutions to their needs. The
results speak for themselves.
4. Understand the adoption cycle. The
nature of the tipping point of product
adoption, and the timing to attain it in each
sector, are things that Netafim studied and
characterized to its advantage.
5. Recruit support from relevant
influencers. Netafim engages in joint efforts
with organizations relevant to its industry,
such as USAID, which opens channels for
demonstrating Netafim products to growers
globally.
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Case Study: Sweet Success
Netafim’s Irrigation System Increases
Yields and Water-use Efficiency in Brazilian
Sugarcane

Agrovale is a leading Brazilian producer
of sugar and ethanol. The company began
growing sugarcane in 1980. Its fields are
located in northeastern Brazil, 370 meters
above sea level in the lower-middle portion
of the Sao Francisco River Valley in the
municipality of Juazeiro in the state of Bahia.
The Sao Francisco River is the main source
of water for the valley, which is known for its
productive soil. The local climate is hot and
semi-arid with an average annual rainfall
of 540 mm (most of which falls during
the summer rainy season), a year-round
average temperature of 26°C (78°F) and
approximately 300 sunny days per year.
Agrovale had a number of objectives in mind
as it set out to improve the performance of its
sugarcane-production system. The company
was interested in reducing production costs,
increasing yields, improving the efficiency
of its use of water and fertilizer, enabling a
greater degree of management flexibility,
and reducing the risk of soil salinization.
To help the company achieve these goals, by
2014 Netafim had installed a sub-surface drip
irrigation system in 5,400 of the company’s
17,000 hectares of sugarcane fields. This
system included an end-to-end irrigation
solution – from pumping water from the
reservoir to transferring the water through
main and sub-main pipes to the drip system
in the fields. Netafim also provided ongoing
agro-technical support to help ensure the
system’s success.
The performance of the sub-surface drip
irrigation system was compared with that
of two other irrigation systems: a centerpivot system and a furrow irrigation system.
The Netafim system performed very well in
this test. Over a two-year period, Netafim’s
system provided higher yields (139.8 tons of
sugarcane per hectare) than the center-pivot
and furrow irrigation systems, which had
yields of 107.6 and 100.1 tons per hectare,
respectively. The Netafim system also
provided for more efficient use of water,
yielding 10.71 kg of crop per cubic meter of
water, as compared to 7.79 and 6.74 kg per
cubic meter of water for the center-pivot and
furrow irrigation systems, respectively.

Netafim’s sub-surface drip irrigation system
allows Brazilian sugarcane farmers to grow
more with less.
Case Study: Processing Tomatoes in California
The story of how Netafim’s technology
became standard practice for the production
of processing tomatoes in California

California is an important center of
production for tomatoes to be processed
into sauce and other products. As there are
differences between the practices used to
grow processing tomatoes and those used to
grow tomatoes sold as fresh produce, they
provide two distinct markets for agricultural
equipment.
Netafim U.S.’s market development efforts in
processing tomatoes started in the summer
of 2000. The company hired a consultant
from Australia (with connections with
processors and key growers in the U.S.) in
order to meet key players at both the grower
and the processor level. The objective of
these interactions was to clearly identify
the opportunities for, and obstacles to, the
adoption of drip-irrigation by producers
of processing tomatoes. At that point, it
became clear that processors were the most
significant obstacle and would be critical
to Netafim’s success in this market. The
growers’ key objection was that, over the
past decade, the higher yields of processingtomato fields in which drip-irrigation was
used had come at the expense of lower levels
of fruit solids and sugars, which increased
processing costs.
To address this concern, Netafim worked
with several processors to build case studies
demonstrating how to correctly produce high
yields of drip-irrigated processing tomatoes
with acceptable levels of solids and sugars.
These projects showed success and the
company began seeing processors ease their
restrictions on the use of drip-irrigation with
some growers. In 2002, an agronomicallyfocused Netafim team member was shifted
to spend 75% of their time focused on this
market, supporting new users/key users
to continue to build success in the eyes of
processors and other growers. This focused
staff position stayed in place through 2006.
During this period, Netafim also focused
efforts on growers who were on the board of
directors of the California Tomato Growers
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Association (CTGA). During the 2003–2007
period, it was no coincidence that four of
the five board members of CTGA were using
Netafim products. Starting in 2003, the
company began cost-sharing the expense of
an agronomic support/irrigation management
consultant with its largest client. This costshare program stayed in place through 2007
and was expanded to include another dealer
client in 2006 and 2007. Efforts to drive this
market slowed in 2008 and 2009, as Netafim
had already surpassed 50% penetration of the
market.

FURTHER
READING

Today, Netafim products irrigate over
220,000 of the 290,000 acres of drip-irrigated
processing tomatoes in California. More
than 95% of this market is now using drip
irrigation.
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Introduction

Deep Innovation in science and technology,
particularly the development of new
technologies or products based on scientific
discoveries in U.S. academic institutions,
has been a challenge for decades. The U.S.
government, through its research funding
agencies, has addressed this challenge by
developing a myriad of funding programs,
most notably the Small Business Innovative
Research (SBIR) and Small Technology
Transfer Research (STTR) programs, which
award research grants to small business
and academic institutions that aim to
advance technology development and
commercialization based on basic research
discoveries. By law, 2.9% of the budget of
each major U.S. research funding agency is
allocated to the SBIR/STTR programs and this
allocation is expected to grow to 3.2% in the
coming years.

development of new
technologies or products
based on scientific discoveries
has been a challenge for
decades
The article provides a brief description of the
SBIR/STTR programs and their impressive
track record in facilitating Deep Innovation,
as well as other funding mechanisms that
are used to realize this goal. While the SBIR/
STTR programs have been highly successful,
there is a growing realization that the time
gap between the initial scientific discovery
and the development and introduction of
technologies, or products, to the market
remains very long – in many cases about
20 years! This long time period is termed
the innovation Valley of Death, since most
discoveries ‘die’ during the technology or
product development process. Recognizing
this challenge, the U.S. National Science
Foundation (NSF) and other U.S. funding
agencies developed new programs with
a specific objective of shortening the
innovation Valley of Death. The article
describes the newly introduced NSF
I-Corps program, which aims to address
this challenge by focusing on innovation
education.
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The Challenge Of Deep Innovation

The process of developing new
commercialized technology based on a
fundamental research discovery made
in academic settings is defined as Deep
Innovation. This is often a long, expensive,
and frustrating process. While fundamental
research discoveries are made in a variety
of research settings, this article focuses on
basic scientific research discoveries that are
made in academic laboratories, typically
by research faculty and their postdoctoral
research fellows and students. In many
instances, it is not possible to immediately
identify the commercial potential of a
specific research discovery.

deep innovation is often a long,
expensive, and frustrating
process
A well-known example is the discovery and
development of Gorilla Glass by Corning
investigators in the 1950s. This particular
strong or ‘muscle’ glass technology only
showed limited use up until 2005, when
Apple asked Corning for a thin, toughened
glass, which is now used in cell phones and
tablets worldwide. A detailed description
of Gorilla Glass technology can be found at
http://www.corninggorillaglass.com/. This
unique glass is mechanically strengthened
through a novel ion exchange process, which
is realized by heating molten glass to 400° C
(752° F) and pumping glass with high levels
of potassium ions. At this high temperature
the large potassium ions diffuse deep into
the glass to form a compression state, which
increases the density of potassium ions
in the glass. Increasing the compression
state of the glass increases its mechanical
strength and damage resistance. Since the
wide-scale adaptation of Gorilla Glass as cell
phones and tablet screens in 2005, Gorilla
Glass has gone through four generations of
improvements and updates. Each generation
becomes stronger, with unique features such
as high-scratch resistance and improved
drop performance. Some generations of
Gorilla Glass incorporate a silver layer for
anti-microbial protection. The Gorilla Glass
success story illustrates the importance
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of investing in basic science – even if the
applications of the scientific pursuit are
not at all known, or could not even be
envisioned, at the time of the study.
At other times, recognizing the commercial
potential of basic scientific research
discoveries in academic laboratories is
hampered by the mere fact that research
faculty and their junior researchers do not
have the necessary training to recognize the
commercial potential of their fundamental
discoveries. Even when recognized, many
research discoveries with significant
commercial potential only result in patents,
which are filed by the academic institutions
but often left untouched for lack of interest
of research faculty in pursuing technology
development and commercialization.
Leading economists have spent a great
deal of time attempting to understand the
innovation Valley of Death, and research
funding agencies in the U.S. and around
the world convened numerous community
initiated workshops to discuss and suggest
new programs to overcome the phenomenon.
While many factors contribute to the slow
pace of technology transfer in academia, this
article aims to fill an information gap about
existing U.S. Government programs, and
to highlight the importance of innovation
education in academia to overcome
barriers for technology transfer and
commercialization.

Figure 1: The innovation Valley of Death is illustrated to show the gap, or often the breakdown, between basic
research discoveries and the development of technologies or products that are based on these initial discoveries
Source: Author analysis
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Mechanisms To Facilitate Deep Innovation
1. The Small Business Innovative Research
(SBIR) and Small Technology Transfer
Research (STTR) programs
Perhaps the most ambitious U.S. policy action
to facilitate Deep Innovation and overcome
the Valley of Death was the establishment
of the Small Business Innovation Research
(SBIR) and the (smaller) Small Technology
Transfer Research (STTR) programs by the U.S.
Congress in 1982. As described on the SBIR/
STTR website (https://www.sbir.gov/), the two
programs encourage U.S. small businesses
to engage in research that has the potential
for commercialization. The programs fill a
great need since technology development and
commercialization of basic science discoveries
is an expensive process, and faculty and
student inventors, and academic institutions
typically do not have the resources needed to
compete with large companies, and effectively
pursue technology development efforts.
Each program administers a competitive
review process to select collaborative R&D
projects between small businesses and
academic institutions, which explore the
technological potential of basic research
discoveries. The programs fund seed projects,
termed Phase I, and continuing projects of
successful Phase I projects, termed Phase II.
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Continuous investment in successful Phase II
projects is made by the private sector and such
projects are termed Phase III. Each year, major
U.S. Federal agencies are required to allocate
2.9% of their R&D budget to their SBIR/STTR
programs, and this allocation is expected to
grow to 3.2% in the coming years. Currently,
the following U.S. Federal agencies participate
in the program: Department of Agriculture,
Department of Commerce, Department of
Defense (DoD), Department of Education,
Department of Energy (DOE), Department of
Health and Human Services (NIH), Department
of Homeland Security (DHS), Department of
Transportation, Environmental Protection
Agency (EPA), National Aeronautics and Space
Administration (NASA), and the National
Science Foundation (NSF).

SBIR AND STTR encourage U.S.
small businesses to engage in
research
Since their enactment in 1982, the SBIR/
STTR programs have helped thousands of
small businesses to compete for federal R&D
awards. In 2014, they invested about US$2.5
billion in approximately 6,000 R&D projects,
of which 4,000 were Phase I and 2,000 were
Phase II. When enacted in 1982, one of the
main goals of the SBIR/STTR programs was
to facilitate economic development across
all regions of the United State. U.S. research
funding agencies strived to achieve this goal by
pursuing extensive outreach efforts to educate
academic institutions and stakeholders in the
private sector about the availability, structure,
and goals of the SBIR/STTR programs. This
undoubtedly became an easier task with the
emergence of the internet as an effective tool
of communication. Figure 2 shows that these
extensive outreach efforts have been quite
successful – as evident the broad geographical
distribution of SBIR/STTR projects across the
U.S.. The SBIR/STTR programs have made
significant contributions across all regions
of the U.S. that enhanced the U.S. defense,
protected the environment, advanced health
care, and improved the ability to manage
information and manipulate data.
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Figure 2: SBIR program investment between 2010 and 2014 by U.S. States. The SBIR program supports research projects
that total over US$2 billion annually and this amount is expected to grow in the coming years (image is taken from https://
www.sbir.gov/sites/default/files/SBA_OII_SBIR_STTR_Presentation_for_General_Public_3-20-15.pdf)
Source: Author analysis

Qualcomm Inc. is one of the most impressive
success stories of the SBIR/STTR programs.
In 1985, Qualcomm was a small company
of seven co-founders aiming to become a
fully integrated, research-to-manufacturing
business. The company targeted the

Qualcomm Inc. is a living
testament to the importance
of the SBIR/STTR programs
transportation industry as a potential major
client and spent three years developing a
system that would enable trucking firms to
closely track their drivers’ progress, and enable
drivers and dispatchers to send messages to
each other. The company encountered a great
deal of skepticism about the idea of having a
very small, low-cost terminal installed in the
back of a truck, that would work over satellites
designed for very large terminals, yet it was
able to achieve this goal. Qualcomm then

secured its first big order from the Schneider
National Trucking Company, which provided
a much-needed capital infusion. This early
success led Qualcomm to take another daring
departure from conventional wireless wisdom.
In 1989, the Telecommunications Industry
Association endorsed a digital technology
called Time Division Multiple Access. Three
months later, Qualcomm introduced Code
Division Multiple Access, a superior technology
that would change the global face of wireless
communications. In its early days, SBIR grants
of US$1.5 million from NSF and DoD played a
major role in developing the company’s digital
communication technology. With a current
market share of over US$80 billion, 13,000
patents in telecommunications, and 17,500
employees worldwide, Qualcomm Inc. is a
living testament to the importance of the SBIR/
STTR programs in catalyzing and facilitating
Deep Innovation. More information about
other amazing SBIR/STTR success stories and
the founder of the SBIR/STTR programs, Roland
Tibbetts, can be found at https://www.sbir.gov/
about-tibbetts-awards.
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2. The NSF GOALI and NSF–SRC
partnership – other modalities to
facilitate Deep Innovation
While the SBIR/STTR programs are
administered by multiple U.S. funding
agencies, individual U.S. research funding
agencies offer additional funding modalities
to facilitate Deep Innovation. For example, the
NSF Grant Opportunities for Academic Liaison
with Industry (GOALI) (https://www.nsf.gov/
funding/pgm_summ.jsp?pims_id=504699)
promotes university–industry partnerships
by supporting collaborative research projects
between academic and industrial scientists.
The GOALI program funds transformative
research that industry would not normally
support.

I-Corps teams... are selected
to participate in the I-Corps
program curriculum
A number of U.S. funding agencies’ programs
to support thematic Research Centers
emphasize close interactions between
academia and industry as a means to facilitate
Deep Innovation. For example, a unique
NSF program involves collaboration with
a consortium of semiconductor companies
named the Semiconductor Research
Corporation (SRC). The NSF–SRC partnership
supports Nanoelectronics Research Initiative
(NRI) Centers where researchers from
academia work closely with researchers from
the semiconductor industry and government
laboratories to advance new concepts in
Nanoelectronics (https://www.src.org/program/
nri/nri-nsf/).
Both the GOALI and NSF–SRC partnerships aim
to shorten the innovation Valley of Death by
enhancing communication between academic
and industrial scientists. U.S. funding agencies’
investments in these important programs
in 2014 was about US$10 million, orders of
magnitudes lower than SBIR/STTR programs’
investments, which limit their impact.
It is fair to conclude that the SBIR/STTR
programs are the main funding mechanism
used in the U.S. to facilitate technology
transfer from academia to industry, hence
Deep Innovation. Despite their great record,
U.S. funding agencies recognized that the
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programs have not been able in many cases to
significantly shorten the innovation Valley of
Death. Numerous community-led workshops
to discuss the problem are quite consistent
in their analysis. For example, a 2009 NSFsponsored workshop titled Assessing and
Enhancing the Impact of Science R&D in the
United States: Chemical Sciences (https://www.
ccrhq.org/innovate/publications/phase-iiistudy) listed the high technical risk associated
with the underlying R&D, the long time to
complete the R&D and commercialize the
resulting technology, and difficulty in resolving
intellectual property issues as contributors
to the innovation Valley of Death. Even more
importantly, the lack of innovation education
in U.S. academic institutions was viewed as a
major hurdle to advancing technology transfer
from academic laboratories to the market.
The lack of experience and understanding
of basic business concepts, and the process
of commercialization, significantly limit the
ability of faculty and students to successfully
engage in technology development and
commercialization efforts. In response to these
workshop reports, in 2011 the NSF introduced
a new innovation education program named
I-Corps, which is designed to close the
innovation education gap in U.S. academia.
NSF I-Corps Program

The NSF I-Corps program (http://www.nsf.
gov/news/special_reports/i-corps/) offers
an extensive and rigorous curriculum that
aims to demystify the process of technology
development and commercialization and
prepares scientists and engineers to develop
small businesses to commercialize their
technologies. The I-Corps program makes
extensive use of established entrepreneurs
who guide faculty and students as they
identify and conduct market analysis, form
imperative connections with potential clients
and partners, and develop their technology
development plans. Through a competitive
review process, I-Corps teams, which
consist of academic researchers, student
entrepreneurs, and business mentors, are
selected to participate in the I-Corps program
curriculum. A detailed description of the
I-Corps curriculum can be found at http://
steveblank.com/category/nsf-nationalscience-foundation/. The program established
its first site at Stanford University in 2011
and since then has expanded to include

additional sites at Georgia Tech, University
of Michigan, University of California
Berkeley, University of California at San
Francisco, University of Maryland, John
Hopkins University, Virginia Tech, George
Washington University, New York University,
Columbia University, and City University of
New York. The primary role of these I- Corps
program sites is to catalyze additional groups
to explore potential I-Corps team projects
and other entrepreneurial opportunities that
build on basic research in their geographical
areas. The I-Corps program can already
point to several successful technology
development and commercialization
projects which are described at http://
venturewell.org/category/nin/. Recognizing
the critical role of the NSF I-Corps program
in addressing an innovation training gap,
the U.S. Department of Energy and the
National Institute of Health partnered with
NSF in 2014 to expand the program in order
to accelerate commercialization of clean
energy technologies and biomedical research
innovations in the near future. It is highly
likely that U.S. Government investment in
the I-Corps or similar innovation education
programs will grow significantly in the
coming years.
Conclution

Through the SBIR/STTR programs and other
funding modalities, in the last 35 years
major U.S. research funding agencies have
made significant investments in facilitating
Deep Innovation in the U.S.. Despite their
clear successes, in many cases the SBIR/
STTR programs were not able to significantly
shorten the time gap between the initial
basic science discovery in the academic
laboratory and the introduction to the
marketplace of new technologies or products
based on these basic science discoveries.
The lack of innovation education has been
recognized as a major contributor to the slow
pace of technology transfer from academia
to industry. This problem is amplified by an
academic culture that generally values basic
science discoveries, which are published in
leading scientific journals, much more than
applied research that leads to technology
development and commercialization.
Complicated intellectual property, and
outdated immigration laws and policies ,
which, are beyond the scope of this article

Venture Findings #3 (2016) — Deep Innovation Issue 103

also make it challenging for faculty and
students – who typically lack entrepreneurial
expertise – to engage in commercialization
efforts. The NSF I-Corps program aims to
provide the missing innovation education
needed to address and overcome these issues,
but it is too early to assess its overall impact.
A word of caution is warranted. While
the process of technology development
and commercialization of basic science
discoveries could be simplified and
shortened, one must remember that the
process of Deep Innovation based on
basic science discoveries, for example the
development of new drugs, is inherently
longer and often much more consequential
than the development of a new social media
website or a videogame app. While a period
of 20 years for Deep Innovation might
look extensively long from the economic
perspective of stakeholders, it is actually
short in the scale of societal evolution. While
excessive bureaucratic hurdles should be
removed, and better innovation education
training should indeed be offered, we should
resist the temptation to introduce new
technologies or products to the market before
they are fully vetted, in order to prevent
harm to human health and the environment.
Lastly, policymakers must be reminded that
all technology development efforts today
are the result of basic scientific discoveries
made decades ago. Resources to facilitate
Deep Innovation at a faster pace should
not come at the expense of investments in
basic scientific research, which are key to
the development of future technologies. If
anything, the impressive contributions of the
U.S. SBIR/STTR programs to the U.S. economy
should convince policymakers to increase
investment in basic research in order to spur
future economic growth.
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CIV2015HK: The Future of
Venture

National Venture
Ecosystem: Vietnam to
Launch National Venture

科勒风险投资研究院 2015年会
(中国•香港)— —风投的未来

国家风投生态系统：越南意欲
成立国家风险投资基金会

The Coller Institute of Venture and
Cyberport invite you to CIV2015HK:
The Future of Venture, an annual
international conference where
academics and practitioners will
reflect and discuss the future of
venture. The event will be held
at Cyberport, Hong Kong, on 6
November 2015.

DealStreetAsia released an exclusive
report saying that the Vietnam
Ministry of Science and Technology
is exploring the possibility of
establishing a national venture capital
(VC) fund.

KEY OBJECTIVES:
• Share latest developments in
venture through best practices
• Discuss and reflect to generate
new ideas and models
• Collaborate and network with
exclusive venture leaders
• See full program…
KEY SPEAKERS:
• Nicholas Yang, Innovation &
Technology Advisor, HKSAR Gov.
• Michael Bruck, HK Leader,...

The establishment of a national fund
will compensate for the lack of local
VC funds and support early stage tech
startups by mobilizing resources, and
helping to invest in and innovate new
ideas.
The Ministry has been studying
various more mature ecosystems
overseas, such as China, Israel, and
the U.S., that have been successful at
fostering the growth of local startups
and building strong ecosystems.
The Ministry will continue to seek
expertise from foreign experts and
also look at partnerships with the
private sector, with the objective of ...
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Coller Institute of
Venture website: www.
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text of the news snippets,
and join our community
for our coverage of global
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A More Effective Venture
Ecosystem: The Case for
Making America More
Entrepreneurial

Internet of Things:
Challenges and
Opportunities

Entrepreneurial Ecosystems
– Can Governments Help
Them Flourish?

更有效的企业生态系统— —
让美国更具创业精神

物联网：机遇与挑战

创业生态系统— —政府能
否助其蓬勃发展？

“Americans have long believed in
the importance of entrepreneurs
to the health of our economy. We
see ourselves as risk-takers and
innovators. Today more than ever,
the entrepreneur is celebrated,
failure is accepted as a cost of
doing business, and starting your
own company is seen as a path to
achieving the American Dream.
Although it’s difficult to measure
directly, entrepreneurship is
understood to be a way to middle
class life. In an economy where
traditional manufacturing jobs have
gone offshore, and globalization and
technology have put pressure on U.S.
wages, small businesses may be an
even more critical pathway than ever
to mobility and opportunity – not just
for the business owner, but also for
those who fill the jobs that business
creates....

The massive potential of Internet of
Things (IoT) to stoke convergence
and collaboration worldwide is
being curtailed by the lack of data
security and interoperability among
devices and objects. Acknowledging
this hurdle, various institutes and
organizations in key sectors are
striving to frame standards for
privacy policies regarding the sharing
of information over the internet.

Government support for
entrepreneurial ecosystems is an
increasingly researched arena. The
heightened interest in analyzing
what governments can do, and the
impact of the policy actions, comes
as the imperative that governments
‘do something’ to support
entrepreneurship and innovation
continues to grow. In the post-global
financial crisis world, characterized
by slow economic growth and a
(relatively) jobless recovery, driving
economic activity and employment
opportunities is of utmost importance
for public policymakers.
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New analysis from Frost &
Sullivan entitled the “Internet of
Things – Disruptive Opportunities
in Key Sectors” finds that
several standardization bodies
from Europe and the United States are
working towards addressing the
issue of device interoperability and
standard privacy policies.
At this point, industry is making
concerted efforts to envision the
future of a world connected across...

Under this guise, a recent World
Economic Forum article investigated
the modern history of entrepreneurial
ambitions on public policymakers’
agendas. The article also examines
poignant studies on what national
innovation systems, particularly
entrepreneurial ecosystems, are,...
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Releasing the Potential
of a Capital Markets
Union in Europe

Women VCs and CEOs:
Few and Far Between

释放在欧洲建立资本市场联盟的潜力

女性风投家及 CEO：凤毛麟角

A guest post by Dörte Höppner,
Chief Executive of the European
Private Equity and Venture Capital
Association (EVCA), explored
the publication of the European
Commission’s Green Paper, which
identifies private equity and venture
capital as playing a key role in
Europe’s economy.

Given the wealth of research
indicating the importance of diversity
in top management, the latest
Diana report – entitled “Women
Entrepreneurs 2014: Bridging the
Gender Gap in Venture Capital” –
recommends that institutional
investors demand that VCs include
women partners and invest in more
businesses with women on the team.

Green Paper explicitly names private
equity and venture capital as an
important source of direct financing.
Indeed, between 2007 and 2013,
European private equity and venture
capital invested €307 billion in 25,000
companies, employing more than
eight million people.
To unlock more of this essential
financing, the EU should aim to free
up the enormous pool of capital
sitting with institutional investors,
enabling it to flow across borders...

You don’t need research and a report
to know that women are underrepresented both as VC partners
and CEOs. What is shocking is the
starkness of the statistics:
• 85% of companies receiving
venture capital during 2011–
2013 did not have a woman
on the executive team
• Only 183 out of the 6,517
companies receiving venture
capital funding in this time period
had a woman CEO (less than 3%)...
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The Turning Point for
Venture Capital?

Venture Capitalists “Get
The Global Unicorns
Paid Well to Lose Money” Universe

风险投资的转折点？

风投家薪酬不低，却表现平平

全球“独角兽公司”俱乐部

Following a rapid reversal of fortunes
at the turn of the Millennium,
the venture capital industry has
experienced largely lackluster
returns which have led to tough
fundraising conditions for all but a
select group of top-tier managers.
However, more recently there have
been some encouraging signs across
the industry, with market conditions
becoming more favorable, returns
improving, and fundraising picking
up as investors take note. Is this the
turning point for venture capital?
Jessica Duong examined the drivers
of this success, and the impact of this
on LP attitudes to the asset class.

Diane Mulcahy is a Senior Fellow
at the Ewing Marion Kauffman
Foundation and author of the
widely-read report We Have Met
the Enemy…and He is Us. In a
recent post, Diane points out that
the ongoing poor performance of
venture capital firms should be an
obvious problem for institutional
investors. Furthermore, she states
that we should try to understand
the “real problem” – [which] is how
little of a problem this persistent
underperformance is for VCs
themselves.

Aileen Lee’s Unicorn Club article got
a lot of attention when TechCrunch
released the groundbreaking analysis,
Welcome To The Unicorn Club:
Learning From Billion-Dollar Startups,
in November 2013. We followed the
Unicorn Club and its related articles
including A Unicorn? In Israel? by
Noam Bardin from Waze, and Fred
Wilson followed with his own post,
The Billion Dollar Valuation Club,
noting primarily that Aileen’s list of 39
companies was U.S. and Silicon Valley
centric.

According to a recent Preqin
report, “the pattern for venture
capital returns shows clear
underperformance relative to other
strategies over 10 years, with an
improving picture more recently
past.” The internet, software,...
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There are four major issues that
Diane wants to bring to our attention:
1. VCs aren’t paid to generate
great returns.
2. VCs are paid very well when
they underperform.
3. VCs barely invest in...
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According to William Mougayar, in
his article about Global Unicorns,
the list was also missing several
other companies. Mougayar pored
over more than 500 companies, and
compiled a list of global startups that
were founded since 2000 with market
valuations over US$250 million. He
found...
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VC Participation in U.S.
Tech Deals on the Wane:
Tech Bubble Alarm?

A ‘Blessing’ of Mobile
Unicorns

美国科技领域风险投资减少：科技
泡沫预警？

移动产业“独角兽公司”的福祉

The 2014 U.S. Venture Capital Year
in Review, published by CB Insights,
reports a big year for venture in
the U.S. – the highest since 2000.
Most of the money went to tech
companies. So far so good. However,
2014 actually saw the lowest level of
VC involvement on a dollars basis,
with 25% of funding (US$11.1 billion
/ US$44.5 billion) of tech funding
coming from deals not involving VCs.

Today there are 68 mobile unicorns
worth US$261 billion, which account
for the bulk of tech unicorns globally.
The US$261 billion value of the mobile
Internet list (not counting Facebook)
is spread across six main sectors:
travel/transport (including Uber, Didi
Dache, and Yongche), mCommerce
(dominated by Asian companies, such
as Flipkart, Snapdeal, and One97),
social networking (including Twitter
and Snapchat, and which should
count Facebook but doesn’t because it
swamps everything else), messaging
(such as WhatsApp and Daum kakao),
games (with 11 companies from King
to GREE), and utilities (like UCWeb).
America is the king of mobile internet
value creation, with 24 companies
delivering US$144 billion of...

This finding is sharply illustrated
when the data is evaluated on a deals
basis. Of the 5,859 tech investment
deals in the U.S. last year, VC investors
participated in only 49% – or in just
under one of every two deals. This is
down sharply from 2010, which saw
61% of all tech deals involving a VC.
The rise of angel investors, larger...
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Trends in Water
Venture 2015

Temasek of Singapore to
3 Ways VCs Can Add
Invest in Tel Aviv
Value to Your Startup
University Technology
Beyond the Cash
Innovation Momentum Fund

2015年水相关行业风投趋势

新加坡淡马锡公司投资于特拉维
夫大学技术创新基金

除了现金，风投家能够为您的初创企
业增加价值的3种方式

The world will not be able to meet the
challenges of the 21st century without
improving how countries manage
their water resources and ensuring
that everyone has access to reliable
water and sanitation services (World
Bank).

The Technology Innovation
Momentum Fund, an investment
initiative of Tel Aviv University
(TAU) and Ramot (the tech transfer
company of TAU), has secured a US$5
million commitment from Temasek.
Together with a lead investment
from Tata, the Momentum Fund
is now closing this round with an
over-subscribed level of investment
of US$23.5 million. The Momentum
Fund has already selected six leading
technologies in Q1 2014 and is in the
process of selecting an additional four
to six in Q4 2014. The Momentum
Fund is expected to support 20–40
promising innovations across a wide
range of fields, including engineering
and exact sciences, environment...

For entrepreneurs who didn’t choose
a VC for their startups, they always
put it this way, “the only value
VCs add to a company is money.”
This sentiment was confirmed
by Sam Hogg in his recent post
at Entrepreneur. However, he
points out that “in fact, the profile
of a typical VC is starting to mirror
that of a successful entrepreneur,
and the next generation of VCs
will likely have résumés that are
heavy on entrepreneurial operating
experience.”
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A recent report issued by The
Hamilton Project, Stanford Woods
Institute for the Environment,
discusses how to facilitate water
innovation (the focus is on the U.S.).
The authors identify three categories
of innovative technology: supply
enhancement, demand management,
and governance improvement.
These categories cover a gamut of
technological innovations, including
smart water, efficiency and...
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In addition, he presents three ways
VCs could add value to the startup
besides the money: experience on
boards, help with fundraising, and
help with recruiting. And the power
of VCs is not limited to these three...
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Timing Everything?

Why Apple’s Promotion
of Ive, and McKinsey’s
Acquisition of Lunar, are
Pivotal to Venture

把握时机最重要？

设计— —企业发展新动力
苹果乔纳森晋升首席设计官
麦肯锡收购 Lunar 设计公司

Bill Gross is the founder of Idealab,
an incubator of new inventions,
ideas, and businesses. In his TED Talk,
entitled ‘The Single Biggest Reason
Startups Succeed’, Mr. Gross asks
which factors matter the most for a
company to succeed.

Design is a central component of Apple’s
competitive advantage. Its design team,
led by Jonathan Ive, has become known
as an engine for ingenuity; creating
products and platforms that take user
experience to a new and stunning level.

Gross has extensive experience with
startups and incubators; there have
been many successes and many big
failures, from which he has learned
a lot.
He became curious as to why some
succeeded and others failed, so
he conducted scientific research
by gathering data from hundreds
of companies, and ranked each
company on five key factors:
1. Ideas
2. Team
3. Business model...

Consistent with Apple recognizing design
as a value creator, in May 2015 CEO Tim
Cook announced that Ive, the design
mastermind of the iPhone and iPad, will
be promoted from Senior Vice President
of Design to the newly created position of
Chief Design Officer. In his new capacity,
his design responsibilities will expand
beyond hardware and software, to Apple
stores, packaging, and offices.
With companies like Apple transforming
the importance of design, more
companies are following suit by both
incorporating design considerations
into their digital ...infrastructures, as
well as into their business strategy.
McKinsey has just announced its...
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How to Pitch: Focus on
the Who or the What?

A Startup that Enables
More Startups

A Comprehensive,
Crowd-Sourced Map of
the Israeli Startup Scene

如何推介：

初创公司引发创业潮流

一张以色列创业的综合性众包地图

When pitching to investors, the
entrepreneur may decide to place the
emphasis of the pitch on the business
idea. Alternatively, the entrepreneur
may center the presentation on his
personage, calling upon his name,
résumé, or past accomplishments.

Facebook enriches the venture
ecosystem, according to a new
Deloitte report. The Deloitte report
of January 2015, commissioned by
Facebook, seeks to demonstrate that
this company is much more than a
social network.

Are prospective investors influenced
in their investment decisions by the
entrepreneurs’ description? Should
entrepreneurs focus their business
pitches on themselves or on their
projects? The answer, for some fund
seekers, is: don’t hesitate to focus on
yourself and mention your name.

Based on data provided by Facebook,
Deloitte estimates Facebook’s
global economic impact to be
US$227 billion, with 4.5 million
jobs enabled globally. It is reasoned
that Facebook stimulates economic
activity by lowering barriers to
marketing, providing a platform
for app developers, and generating
a need for devices and internet
connections. Further, it is suggested
that the demanded improvements in
connectivity spill over to the rest of
the economy.

Eden Shochat – a partner at Aleph
– a venture capital fund focused
on serving Israeli entrepreneurs
– has outlined how a simple
spreadsheet, started on a whim,
became a comprehensive mapping
of the Israeli startup ecosystem. The
spreadsheet is the result of the power
of crowdsourcing.

着重展示自己还是展示项目？

Research on this issue has been
carried out by Professor Orly
Sade and Dr. Dan Marom of the
Jerusalem School of Business
Administration at the Hebrew
University of Jerusalem. Sade and
Marom’s research empirically
investigated the importance of the
entrepreneurs’ description in the...
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At the level of the entrepreneur,
Facebook helps entrepreneurs...
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After Eden posted his first version
of the names, focus areas, minimum
and maximum investment, as well
as contact details for 68 active Israeli
seed investors, he received massive
responses from the crowd. Soon the
community started adding other
useful tabs into the spreadsheet,
such as startups looking for capital,
accelerator programs, international
tech companies doing business in
Israel, incubators, contact details for
journalists, and even a list of venture
capital firms. And the same model
was duplicated in Sweden as well as
in Spain...

published
29 December 2014

Venture Findings #3 (2016) — Deep Innovation Issue 113

新闻摘要

NEWS in
brief
For Public
Authorities
For
INSTITUTIONAL
Investors
For
Venture
Capitalists
For
Entrepreneurs
Coller
Institute
News

Hear Dr. Hadas Mamane
Present New Technologies
for Reusing Water

NanoIsrael 2016: The
5th International
Nanotechnology
Conference & Exhibition

哈达斯·马玛内 (Hadas Mamane) 博
士关于水资源重复利用新技术的演讲

NanoIsrael 2016: 以色列第五
届国际纳米大会暨展览会

For more Lisbon Tel Aviv
Water Venture Workshop video
presentations...

NanoIsrael 2016, the 5th bi-annual
conference & exhibition, will take
place on 22-23 February 2016 in
Tel Aviv, Israel. Since 2009, Nano
Israel has established itself as a
central meeting point for Israeli
and multinational researchers,
investors, managers, and government
officials involved in nanoscience and
nanotechnology. With over 1,400
delegates from Israel and abroad,
these conferences cover the full range
of cutting-edge technologies.
Israel is renowned for its
achievements in innovative products
and solutions. Over the past decade
it has also established itself as a key
player in Nanotechnology, providing
new and exciting opportunities
and solutions in materials, medical,
mobile, defense & aerospace,...
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